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No6ble NoBpexaeHnsa 1 yobITKKX, BK/loYas NoTeplo Aoxona, HaHeCeHHbIe
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3ajjaun, TpeOyroiIye TepUoAMUeCKOro BLITIOTHEHUS
ABTOOUMCTKA

OunrCTKa U aHa/Iu3 BPYUHYHO

Pa3pacraHue Tab/IUI] ¥ UHIEKCOB

[TosHasi ouMcTKa U repeCcTpoeHre WH/IeKCOB
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OumncTKa CTpaHML OT UICTOPHUYECKHUX NdHHBIX,
KOTOpEIE O6p83y}OTCH H3-3d MHOI'OBEPCHMOHHOCTHU

13 TaO/IUL] BBIUMILAIOTCS MEPTBbIe BepPCUM CTPOK
Y3 UH/IEKCOB BBbIYMIL[AFOTCA 3alIMCH, CChUIAOLeCs Ha MepTBble BepCUU

MeXxaHn3M MHOToBEePCUOHHOCTU NO3BONSIET 3P(EKTUBHO peasin3oBaTh
M30/1SIUMI0 HA OCHOBE CHUMKOB, HO B pe3ysibTaTte B Tab/IMUHbIX CTPaHuLax
Hakan/MBatoTCa cTapble BEePCUN CTPOK, a B CTPaHMLax UHAEKCOB — CCbIIKU
Ha 3TV Bepcuun. Kakoe-To Bpemsi CTOPUUECKNE BEPCUM HYXHbI, YTOObI
TpaH3akUM1 MOrnn pabotaTb CO CBOUMW CHUMKaMU laHHbIX. Ho co
BPEMEHEM He OCTaeTCsl HM OAHOr0 CHUMKA [laHHbIX, KOTOPOMY TpeboBanach
6bl CTapasi BepCus CTPOKM; Takasi BEPCUSl Ha3blBAETCS «MEePTBO».

Mpoueaypa OYNCTKN BbIMULLAET MEPTBbIE BEPCUM CTPOK U3 TaBNMNUYHBIX
CTPaHWL, U HEHYXXHblE NH/EKCHbIE 3anucu, KOTOPbIE CCbI/TA/ICL Ha Takue
BEPCUMN.

Ecnv cBOEBPEMEHHO HEe BblUMLLATb UCTOPUYECKNE AaHHble, TabnuLbl U
MHAEKCbI BY1yT HEKOHTPO/IMPYEMO pa3pacTaTbCsl U MOUCK B HUX aKTyaslbHbIX
BEPCUiA CTPOK ByaeT 3aMeanaThbCs.

https://postgrespro.ru/docs/postgresqgl/16/routine-vacuuming
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OGHOB/IeHre KapThl BUIUMOCTH

OTMeUadeT CTPaHMIIbI, HA KOTOPBIX BCe BEPCHU CTPOK BHAHBI BO BC€X CHHUMKAX

WCIIO/IB3YeTCs 71T ONTUMHU3aLK paboThI IIpoLjecca OUMCTKH
Y YCKOPEeHUsI MH/IeKCHOTO JJ0CTyIIa

CyILIeCTBYeT TOJILKO Ji/is Tab/ui]

Kpome 3Toii rnaBHoi 3aaaun, npoueaypa oUncTku 6epeT Ha cebst u apyrue
3a/lauv no noaJepXxaHnio paboTocnoco6HOCTM ak3eMnspa. OuncTka
06HOB/IAAET KApPTy BUANUMOCTM U KapTy CBOBOAHOrO NpoCcTpaHcTBa. 10
Cny)xe6Hasa nHdopmMaLus, KoTopas XpaHUTCA BMECTE C OCHOBHbIMU
OaHHbIMW.

B KapTe BUgnMOCTN OTMEYEHbI CTPaHWLUbI, KOTOPbIE coAepXXaT TOJ/1IbKO
adKTyaJ/lbHbl€ BEPCUN CTPOK, Npnyem 3t BepCnn BUAHbLI BO BCEX CHUMKax
AaHHbIX. Takne CTpaHunubl AaBHO HE U3MEHAJTUCb 1 yCNnesin NMOJTHOCTbHO
OYNCTUTBLCA OT HEAKTYaJ/1bHbIX B€pCI/II7I.

KapTa BugnumocTv NnpuMeHsieTcs:

« [1ns oNTUMU3ALUN OUNCTKMN.
B OTMeUeHHble CTPaHULIbl OYMCTKE HE HAA0 3arnsablBaTb — B HUX He
MOXET 6bITb MEPTBbIX BEPCWIA.

* [1ns yCKOpeHns JOCTyna TO/IbKO MO UHAOEKCY.
NHdhopmaLms 0 BEPCUOHHOCTU XPaHUTCA TOIbKO AN Tabnu, HO He Ans
NHOEKCOB (MO3TOMY Y MHAEKCOB He OblBaeT KapTbl BUANUMOCTH). [onyyuns
N3 NHOEKCA CCbI/IKY HA BEPCUIO CTPOKM, HYXXHO NpoynTaTb TabnmyHyo
CTpaHuLy, YToObl NPOBEPUTL ee BUAMMOCTbL. HO ecninm B caMOM UHAEKCe
y)Xe eCTb BCe HYXHble CTON6UbI, 1 NPY 3TOM CTpaHuLLa OTMEYeHa B kapTe
BUAMMOCTU, TO 0b6palleHmns K Tabnmue MOXHO n3bexarsb.

Ecnn He 06HOBNATL KapTy BUAUMOCTU, MHOEKCHBIA AOCTYN OyaeT paboTarb
MeHee appekTMBHO. Bonee nogpo6bHO 06 3TOM pacckasbiBaeTCs B Kypce
QPT «OnTmMmn3ayma 3anpocoBs».



of] PROFESSIONAL

[lepnognyeckme 3agaynu Posigres

OGHOB/IeHre KapThl CBOOOAHOTO MPOCTPaHCTBA

OTMeuaeT CBOOO/IHOe MPOCTPAHCTBO B CTPAHMIIAX TTOC/IE OUMCTKH
WCII0/Ib3YeTCs TIPU BCTABKe HOBBIX BEPCHI CTPOK
CyIIeCTBYeT U [ijisi TaOJIULI, U [/is UH/IEKCOB

B kapTe cBO60AHOr0 NPOCTPaAHCTBA OTMEYEeH 06beM NyCTOro MecTa BHYTPU
CTpaHuL,. 3TOT 06EM MOCTOSIHHO MEHSIETCS: NPU [06aB/IEHUN HOBbIX
BEPCWiIA CTPOK OH YMEHbLUIAETCS, NMPU 0UYNCTKE — YBE/TMUMBAETCS.

KapTa ncnonb3yeTcs Npy BCTaBKe HOBbIX BEPCUiIA CTPOK, YTOObI ObICTPO
HaTN NOAXOASLLYO CTPaHWLYy, Ha KOTOPY NOMECTATCS Ao6aBnsieMble
ANaHHble. s yCKOpeHMsl noncka kapTa cBo60AHOro NpocTpaHCcTBa MMeeT
C/TOXHYH APEBOBUHYIO CTPYKTYPY.

KapTa cBO601HOrO NPOCTPAHCTBA MOXET CYLLLEeCTBOBAaTb U AN MHAEKCOB.
Ho, nockonbKy UHAEKCHas 3annch BCTAB/ISIETCSA B CTPOro onpeaeseHHoe
MECTO MHAEKCA, B KApTe OTMEeYatoTCs TO/IbKO NyCTble CTPaHuLbI,
06paszoBaBLUMECS MPU yAAIEHUN U3 HUX BCEX 3anuceil. Takne CTpaHuLbl
MCK/THOYatoTCS U3 UHAEKCHOV CTPYKTYPbl U NPU HEOOXOAUMOCTY
noaknoyatoTCa 3aTeM B Noaxosiiee MecTo nHaekca.
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OOHOB/IeHMEe CTaTUCTHUKHU

WICTI0/Ib3YeTCsl OITUMU3aTOPOM 3aIllpoCoB
BBIUKCJISIETCSI HA OCHOBE CJTy4aifHOM BHIOOPKH

[na paboTbl oNTUMM3aTOpPa 3anpocoB HEO6XoAMMa cTaTUCTUUYEeCcKast
MHpopMaLns («CTAaTUCTUKA») O AaHHbIX, TaKas Kak KoJIMYecTBO CTPOK
B Tabnuuax u pacnpegenieHne AaHHbIX B cTonbuax. C60p cTaTucTuKu
Ha3bIBAETCSH aHa/IM30M.

[na aHanusa n3 Tabnmupl YATaeTca crydanHas Bbloopka AaHHbIX
onpeaeneHHoro pasmepa. AT0 NO3BOMIAET ObICTPO cobpaTb MHJOpMaLNIO
[laXe No o4yeHb 60bWNM Tabnnuam. Pesynsrar nonyyaeTcs He TOUHbIN,

HO 3TOro 1 He TpebyeTcs. B nobom cnyyae faHHble BCe BPEMS N3MEHSAIOTCA
N NOCTOSIHHO NMOAAEPXNBATbL aOCOOTHO TOUHYHO CTATUCTUKY HEBO3MOXXHO.
JlocTaToyHo, YTOObI OHA NepuoanYecKn 06HOBNSANACH U HE C/IULLKOM CU/TbHO
oT/IMyasniacb OT AEeNCTBUTENIbHOCTH.

Ecnn He 06HOBMATL CTATUCTUKY, OHA NepecTaHeT COOTBETCTBOBATb
peasibHbIM AaHHbLIM U ONTUMN3ATOP CTAHET CTPOUTb MI0XMNE MNaHbl
BbIMO/THEHNSA. V13-3@ 3TOr0 3anpochkl MOryT Ha4aTb BbIMNOHATLCA HA NOPSAKM
Mea/IeHHee, YeM MOIu Bbl.
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3amMopo3Ka

TipeZioTBpallieHNe TI0C/IeACTBUH repernomHeHus 32-0UTHOTo
CueTUYMKa TPaH3aKL[Hii

Kak y>xe roBopusnocb, PostgreSQL ynopsigounBaeTt coObITUSI C MOMOLLbHO
HOMEpPOB TpaH3akUWii. o cHeTUNK OTBEAEHO 32 6UTa 1 paHo WA NO34HO
OH nepenosIHNTCA.

UYT0o6bI MHOrOBEPCMOHHOCTb NPOA0MKNMA paboTaTk, NPOCTPAHCTBO HOMEPOB
3aK0/bLIOBAHO: A/1s Nt060l TpaH3akLUMM NoI0OBUHA HOMEPOB NPOTUB
4aCOBOW CTPEsIKN HaxoAMUTCA B NMPOLL/IOM, a Apyrasi NosI0BMHa —

B OyayLiem.

Ho ecnun cyeTunk nepengert yepes Hofb, YNOPSA04YEHHOCTb TPaH3aKLNi
HapyLUNTCS, ECNN HE NPUHATL CneumasbHbIX Mep. JoCcTaTouHO cTapble
BEPCUM CTPOK MOMEYAKTCA Kak «3aMOPOXEHHbIE». Tako NpU3HaK roBopuT
0 TOM, YTO BEPCUS CTPOKM MOsiIBUMACh Tak AaBHO, YTO HOMEpP co3faBLueli ee
TpaH3akKuMn 60/bLUe HE MMEET 3HAYEHNS 1 €r0 MOXHO MCMN0/1b30BaTb
MOBTOPHO. 3aMOPOXEHHbIE BEPCUM CTPOK BUAHbLI BO BCEX CHUMKaX BCEX
TpaH3aKLUWia.

UTo6bI NpK 3aMOPO3Ke HE NPOCMAaTPUBATh INLLIHME CTPaHULbI, B KApTy
BMAUMOCTU Ao6aBNeH GUT, OTMevatoL il CTpaHuWLbl, Ha KOTOPbIX BCE BEpCcUmn
CTPOK Y)X€& 3aMOPOXEHbI.

ECnun He BbINO/HATb 3aMOPO3KY CBOEBPEMEHHO, CEPBEP HE CMOXET
Bbl1ENNTb OYEPEeAHON HOMEP TpaH3aKLMK. DTO aBapuiiHas cuTyaums:
cepBep OCTAHOBMUTCS, BCE HE3aBEPLLUEHHbIE TPaH3aKUUN 060pPBYTCS.
Mocne aToro aAMMHUCTPATOP A0/HKEH BYeT BPy4HYt0 CTapToBaTb CEPBEP
1 BbIMOSTHUTb 3aMOPO3KY.
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ABTOMaTUyeckas ouncTtka Pos}gres

PostgreSQL
Autovacuum launcher postmaster

(hoHOBBII TIpOIieCC [

MepUOJUUECKH 3aITyCKaeT
paboumre TMporeCcChl :

backend ﬂ autovacuum
¢ooHOB

ble npgueccsl

Autovacuum worker

oblwasn namaTb ‘

( )
L

OUHIIAeT TaO/ULBI ‘
OT/ie/IbHOM 6a3bl JaHHbIX,
Tpebyroiue 06paboTKH

ocC

BbINO/IHEHME BCEX ONUCaHHbIX Bblle Nepuoamnyecknx 3agay 06cyxmBaHus
6epeT Ha cebs (poHOBbIN NpoLecc aBTOOUUCTKN (autovacuum). OH
AVNHaMUYecKn pearmpyeT Ha 4acToTy 0OHOB/IEHUA TabMnL: YEM aKTUBHEMN
N3MeHeHus, TeM Yalle Tabnmua 6yaet obpabarbiBaTbCS.

B cucteme NocTOsHHO NPUCYTCTBYET npoLecc autovacuum launcher,
KOTOPbIA NNaHUpyeT paboTy O4YUCTKM U 3anyckaeT Heobxoanmoe Yncso
pabounx npoueccos autovacuum worker, paboTatoLLmx napasisiesibHo.

OuuncTka paboTaeT NoCTPaHNYHO, He NPMBOANA K GNTOKMPOBKAM ApYrmx
TpaH3akUuiA, XOTS1 U CO3AAaEeT, KOHEUHO, Harpy3Ky Ha NoAcucTeMy BBOAA-
BbIBOAA.

ABTOMAaTUYECKAsi OUMCTKA NepecTaHeT paboTaTb NPu OTKIIOUYEHUN /THOGOTO
n3 ABYX NapaMeTpoB autovacuum wnu track counts. MOXeT OLLIMGOYHO
NoKasaTtbCsl, UTO OTK/IOUYEHNE CNOCOBHO YBENNYNTL NMPON3BOANTENBHOCTD
CUCTEMbI 33 CUET UCKHOUEHUS «JTULLIHUX» onepauuii BBoAa-BbiBoOAA.

Ha camoM gene oTkas OT OYMCTKM B/1eYeT 3a coboii nocneacTeus,
onuMcaHHbIe Bbille: HEKOHTPO/IMPYEMOE pa3pacTaHue aiifios, 3ameaneHne
3anpocoB U pUCK aBapuiiHO OCTaHOBKM cepBepa. B KoHeYHOM uTore aTo
NpUBEAET K NOSTHOMY napasiniy CUCTEMBbI.

ABTOOYMCTKA J0/MKHA paboTtaTb. OHa HacTpanBaeTcs 60NbLNM
KOIMYeCTBOM KOH(pUIypaLUMOHHbIX NapamMeTpoB; aTa HacTpoiika AeTasibHO
obcyxpaetcs B Kypce DBA2 «HacTpoiika 1 MOHUTOPUHT».



3anyckK Bpy4HYIo

OuncTKa

VACUUM [Tabnuuya, ...]
VACUUM

$ vacuumdb

Ananus

ANALYZE
$ vacuumdb --analyze-only

OuucTKa U aHa/Iu3

VACUUM ANALYZE
$ vacuumdb --analyze
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OUMCTKA OT/e/ILHBIX TabuI]
OuKCTKa Bceit B/

obepTKa 11 ucrosb3oBaHus B OC

Mpy HEOBXOAMMOCTM OYMCTKY U aHa/IM3 MOXHO 3anycKaTb BPYYHY!HO.

[nsa atoro cnyxar komaHabl VACUUM (Tonbko ounctka), ANALYZE (Tonbko

aHanus), a Takke VACUUM ANALYZE (v ouncTtka, n aHanms).

ABTOOUNCTKA OT/INYAETCA OT 3arycka OYMCTKN 1N aHa/m3a Nno pacnmcaHuio
TeM, YTO pearnpyeTt Ha aKkTUBHOCTb U3MEHEHUS AaHHbIX. C/INLLKOM YacTbli
3anyck no pacnmcaHunio Co34acT HEHYXXHYIO Harpy3ky Ha cuctemy. Ecnu xe
3anyckaTb O4MCTKY peaKo, Npun 60/1bLOM 06bemMe U3MEHEHWUI thaliibl MOTYT

YCMNeTb CYyLECTBEHHO BbIpacTu B pasmepax.
https://postgrespro.ru/docs/postgresql/16/sql-vacuum

https://postgrespro.ru/docs/postgresgl/16/sql-analyze



https://postgrespro.ru/docs/postgresql/16/sql-vacuum
https://postgrespro.ru/docs/postgresql/16/sql-analyze

OuuncTKa

=> CREATE DATABASE arch_vacuum_overview;

CREATE DATABASE

=> \c arch_vacuum_overview

You are now connected to database "arch vacuum overview" as user "student".

Co3afuM TabJIHIly, B IeJIsIX SKCIIepUMEeHTa OTK/IIYHB I Hee aBTOMaTHYeCKYI0 OYHCTKY, UTOObI KOHTPOJIHMPOBATh BpeMs
cpabaThIBaHHS

=> CREATE TABLE bloat(
id integer GENERATED ALWAYS AS IDENTITY,
d timestamptz

) WITH (autovacuum_enabled = off);

CREATE TABLE
3aIlo/THUM Ta6JINITY JaHHBIMU U CO3TaiM HH/EKC:

=> INSERT INTO bloat(d)
SELECT current_timestamp FROM generate_series(1,100_000);

INSERT 0 100000

=> CREATE INDEX ON bloat(d);

CREATE INDEX

Cettyac Bce CTPOKH Ta6GJIUITI HIMEIOT POBHO OZIHY, aKTyaJ/IbHYI0, BEPCHIO.

Terneps 06HOBUM 4acTh CTPOK

=> UPDATE bloat SET d = d + interval 'l day' WHERE id <= 10_000;
UPDATE 10000

3aIyCTHM OYMCTKY BPYUHYIO U IIOIIPOCUM €€ pacckasaTh 0 TOM, YTO IIPOUCXO/UT:
=> VACUUM (verbose) bloat;

INFO: vacuuming "arch_vacuum overview.public.bloat"

INFO: finished vacuuming "arch vacuum overview.public.bloat": index scans: 1

pages: 0 removed, 595 remain, 595 scanned (100.00% of total)

tuples: 10000 removed, 100000 remain, 0 are dead but not yet removable

removable cutoff: 738, which was 0 XIDs old when operation ended

new relfrozenxid: 735, which is 1 XIDs ahead of previous value

frozen: 0 pages from table (0.00% of total) had 0 tuples frozen

index scan needed: 55 pages from table (9.24% of total) had 10000 dead item identifiers
removed

index "bloat_d_idx": pages: 95 in total, 8 newly deleted, 8 currently deleted, O reusable
avg read rate: 28.340 MB/s, avg write rate: 4.723 MB/s

buffer usage: 1307 hits, 84 misses, 14 dirtied

WAL usage: 733 records, 1 full page images, 91580 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.02 s

VACUUM

U3 BBIBOZIa KOMaH/ABI MO>KHO 3aK/JIIOYUTh, UTO:

e 113 TabJIMIIbI BEIUMILEHBl MePTBEIE BepPCHH CTPOK (tuples: 10000 removed...);
® 113 MH/leKca y/jajleHbl CChUIKY Ha HUX (index scan needed... 10000 dead item identifiers removed).
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OuricTKa He yMeHblllaeT pa3Mep TabJul] U UH/EKCOB

«AbIDbI» B CTPAHULAX MCIIOJb3YIOTCA /I HOBBIX NdHHBIX,
HO MeCTO He BO3BpAdIlldeTCA OHepaI_[I/IOHHOIjI cucreme

[TpuurHbI pa3pacTaHus

HeTIpaBU/IbHast HACTPOMKA aBTOOUMCTKH
MaccoBOe U3MeHeHUe IaHHbIX
JIOJITHe TpaH3aKLN

HeratuBHoe B/1MssHUE

rnepepacxo MeCTd Ha JHUCKe
3aMeiyieHure 1oc/ie0BaTe/IbHOT'0 ITpOCMOTPa Ta6III/IL[
YMEHbIIEHWE Bq)q)EKTI/IBHOCTI/I HWHAEKCHOT'O A0CTYyIla

11

OuuncTka BblYMLLAET HeaKTyaslbHble BEPCUU CTPOK U3 CTpaHuL,. B cTpaHuuax
obpasyeTtcA CBOOOAHOE NPOCTPAHCTBO, KOTOPOE 3aTeM UCMO/b3YeTCA A/
pa3sMeLLeHns HOBbIX AaHHbIX. HO ocBob6oauBLIEeecs MecTo He
BO3BpallaeTcHa onepaunoHHON CUcTemMe, TO eCTb C TOUKK 3peHns OC
pasmep hainoB AaHHbIX HE YMEHbLUAETCS.

B cnyyae nHaekcoB (B-aepeBbeB) A0 OC/IOXHSETCS TEM, UTO €C/IM Ha
CTpaHuLe He XBaTaeT MecTa A/1s pa3MeLLLeHNsT MHAEKCHOW 3anucy,
CTpaHuLa pacliennsieTca Ha ase. MonyymBLUNECS CTPAHULIbI YXXe HUKoraa
He 06beANHSIOTCS, AaXe ecnn U3 HUX ByayT yaasnieHbl BCe MHAEKCHbIE
3anucu.

Mpy NpaBW/IbHOI HACTPOIiKe Npouecca aBTOOUNCTKN dhalisibl AaHHbIX
BblpacTaloT Ha HEKOTOPYH NMOCTOSIHHYH BE/MYMHY 3a CYET 0OHOB/EHWIA
MeXy 3anyckamMu o4MCTKWA. Ho ecnv BbINOMHSETCS OAHOMOMEHTHOE
n3MeHeHne 60/bLLIOT0 06bema AaHHbIX U B CUCTEME NPUCYTCTBYHOT
oonrve TpaH3akumn (yaepxveatowme CHAMKN AaHHbIX U He NO3BO/ISIlOLLINE
BblUMLLATb HeaKTya lbHble BEPCUN CTPOK), OUMCTKA HE CMOXET
CBOEBPEMEHHO 0CBO6OXAAaTb MeCTO. B pesynbraTte pasmep 1abnumy, 1
MHAEKCOB MOXET NPoA0/HKaTb YBETMUMBATLCSI.

PaspacTaHue oaii/ioB AaHHbIX BEAET He TO/bKO K Nepepacxoy MecTa Ha
aucke (B TOM Unc/ie U ANs pe3epBHbIX KOMWiA), HO 1 K YXY/ILEHWO
NPOV3BOANTENBHOCTMW.

https://wiki.postgresqgl.org/wiki/Show database bloat
https://postgrespro.ru/docs/postgresal/16/pgstattuple
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OneHKa pa3pacTaHus Ta6JIuI U HHIEKCOB

[IOHATh, HACKOJIHKO KPUTHUYHO Pa3pOCIMCh 06HEKTHI U IT0pa JIU IIPeIIPUHUMATD PaUKaIbHbIe MEPBI, MOXKHO Pa3HBIMH
CIT0co6aMHU:

® 3arpocaMH K CHCTeMHOMY KaTaJIOTy;
® IICIIOJIb3Ys pacIIUpeHue pgstattuple.

=> CREATE EXTENSION pgstattuple;
CREATE EXTENSION
C IIOMOIIBIO paCOIMPEeHUA MOXXHO IIPOBEPUTE COCTOsITHUE Ta6HHHBIZ

=> SELECT * FROM pgstattuple('bloat’') \gx

-[ RECORD 1 ]------ R
table_len | 4874240
tuple count | 100000
tuple_len | 4000000
tuple percent | 82.06
dead tuple count | ©

dead tuple len | ©
dead_tuple_percent | 0

free space | 457324
free percent | 9.38

e tuple_percent — o mosiesHoM nHPopManuu (He 100% 13-3a HaKJIagHBIX PacxofioB).

U uHpekca:

=> SELECT * FROM pgstatindex('bloat_d_idx') \gx

-[ RECORD 1 ]------ Fomme--
version | 4
tree_ level | 1
index_size | 778240
root block no | 3
internal pages | 1

leaf pages | 85
empty pages | ©
deleted pages | 8

avg leaf density | 89.17
leaf fragmentation | 0

e leaf pages — KoJIHMUeCTBO JINCTOBBIX CTPAHUI] UHTIEKCA;

e avg_leaf density — 3aI10JIJHEHHOCTB JINCTOBBIX CTPAHHII;

e leaf fragmentation — xapakTepHCcTHUKa GU3HIECKON YIIOPSIL0UE€HHOCTH JIUCTOBBIX cTpaHuUL] (0 — IIopsioK, 100 —
6ecropsaIoK).

Terepb 0GHOBUM Cpasy II0JIOBUHY CTPOK:

=> UPDATE bloat SET d = d + interval 'l day' WHERE id % 2 = 0;
UPDATE 50000

ITocMOTPUM Ha Ta6JIHIy CHOBA:!

=> SELECT * FROM pgstattuple('bloat’') \gx

-[ RECORD 1 ]------ .
table_len | 6643712
tuple count | 100000
tuple len | 4000000
tuple percent | 60.21
dead tuple count | 50000
dead tuple len | 2000000
dead tuple percent | 30.1
free space | 21004
free percent | 0.32

IIsI0THOCTH YMeHbIINJIaCh.

UT06BI HE YUTATH BCIO TAGIHITY IeJIMKOM, MO>KHO IIOIIPOCHUTH pgstattuple mokasaTh IPUGIU3UTENIbHYI0 HHPOPMAITHIO:



=> SELECT * FROM pgstattuple_approx(‘bloat') \gx

-l RECORD 1 ]-------- +
table len |
scanned percent | 100
approx_tuple count | 100000
approx_tuple len | 4000000

|

I

I

|

I

6643712

approx_tuple percent 60.207305795314426

dead tuple count 50000

dead tuple len 2000000

dead tuple percent 30.103652897657213
approx_free space 21004

approx_free percent 0.31614856273119607

n IIOCMOTPUM Ha UHIEKC:

=> SELECT * FROM pgstatindex('bloat_d_idx') \gx

-[ RECORD 1 ]------ ommmma
version | 4

tree level | 1
index_size | 1171456
root block no | 3
internal pages | 1

leaf pages | 133
empty pages | ©
deleted pages | 8
avg_leaf _density | 85.41
leaf fragmentation | 2.26

3aI10/IHeHHOCTD JIUCTOBBIX CTPaHMUIT OCTaJIaCh Ha IIpe’KHeM YPOBHE, HO KOJIMYECTBO CTPAaHUI] 3aMeTHO YBEJIMYUJIOCE.
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[TosHas ourcTKa
VACUUM FULL
$ vacuumdb --full
TIOJTHOCTBIO TIepeCTPauBaeT COZeP)KUMOe Tab/TUL] K UH/IEKCOB
TIOJTHOCTBIO OJIOKUpYeT paboTy ¢ Tabuiei

HEPECTPO@HI/IE NHIEKCOB
REINDEX

repecTpanBaeT UH/EKChI

TIOJTHOCTBIO O/I0KHpYyeT paboTy C UHJEKCOM
1 O/IOKUpYeT U3MeHeHHe TaO/HILIbI
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[na TOro YTo6bl YMEHbLUNTL OU3NYECKNA pasMep paspocLumxcs Tabnuy
N NHOEKCOB, TPEOYETCA r0/1Hasi O4UCMKa.

Komanga VACUUM FULL nonHOCTbLIO Nepe3anuncbiBaeT cCogepxmmoe
Tabnvubl N ee UHAEKCOB, MUHUMN3NPYS 3aHMMaeMoe MecTo. OfHako 3ToT
npouecc TpedyeT UCKNKUNTENBHOW G/TOKMPOBKN Tabnnubl U MO3TOMY He
MOXET BbINOMHATLCS NapasfiesibHo C APYrMMU TpaH3akKUUsaMN.

https://postgrespro.ru/docs/postgresqgl/16/sql-vacuum

MOXXHO NepecTponTb OAUH UHAEKC UM HECKOJIbKO MHAEKCOB, He Tporas
Tabnuyy, — ato genaet komaHaa REINDEX. OHa yctaHaBnvBaet
6/10KMPOBKKN Ha 3anucb B Tabnnuy 1 Ha UCNosb30BaHKe NepecTpanBaemoro
NHAEKCA, MO3TOMY TpaH3akuuu, NbiTalowmecs N3MeHNTb Tabnnuy nuim
nnaHMpoBaTb 3anpoc K HeW, ByayT NPUOCTAHOB/IEHDI.

https://postgrespro.ru/docs/postgresql/16/sql-reindex

Ecnn gonraa ncknountenbHasa 6/10KMpoBKa HexenartesbHa,
MOXHO pacCMOTPETb CTOPOHHEE paclumpeHne pg_repack
https://github.com/reorg/pg_repack, no3BonsioLee BbINO/HATb
nepecTpoeHne Tabnuubl U ee NHAEKCOB «Ha JIETY».



https://postgrespro.ru/docs/postgresql/16/sql-vacuum
https://postgrespro.ru/docs/postgresql/16/sql-reindex
https://github.com/reorg/pg_repack

of] PROFESSIONAL
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Hebsokupytoiilee TiepecTpoeHre HHEKCOB
REINDEX ... CONCURRENTLY
repecTpauBaeT UH/EKChI, He OI0KUPYs M3MeHeHHe TaO/HIbI
BBITIO/THAETCS OOJIbIIE M MOXKeT 3aBepPIIUTECA HEYAaUHO
He TPaH3aKIMOHHO
He paboTaeT Jjisi CUCTEeMHBIX UH/IeKCOB
He paboTaeT JJisi UH/IEKCOB, CBS3aHHBIX C OrPAHUUEHUSIMU-UCKTFOUEHUSIMU
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KomaHga REINDEX c ykazaHnem CONCURRENTLY pa6oTtaet 6e3
610OKMPOBKN Tabnnubl Ha 3anucb. OgHaKo HEGNOKMpPYHOLLLEE NepecTpoeHne
BbIMO/THAETCA [0/bLUE N MOXET 3aBEPLUNTLCA HeyaadHo (13-3a
B3anMMOO/IOKMPOBOK) — B TaKOM C/ly4yae MHAEKC NoTpebdyeTca ewe pas
NnepecTpounTsb.

Y HeG/I0KMPYIOLLLErO NepecTpoeHnss MHAEKCOB eCTb PS4 orpaHnyeHunii. Takas
onepauns He MOXET BbIMOJTHATLCA BHYTPU TpaH3akuun. B Hebnokupytowem

pexnmMme Henb3sa NepecTponTb CUCTEMHbIE NHAEKCHI U MHAEKCHI, CBA3aHHbIE

C orpaHnyeHunamn-ncknrodeHmamm (EXCLUDE).



ITepecTpoeHne 00 HEKTOB

JIJ1s1 IepecTpOeHUs UH/[eKCOB YA00HO HCI0Ib30BaTh KoMaHLy REINDEX c ykasaHrneM CONCURRENTLY. 3To 103BoJIgeT He
oCTaHaBJIMBaTh paboTy CUCTeMEI Ha BpeMsi IIepeCTPOeHH .

=> REINDEX TABLE CONCURRENTLY bloat;
REINDEX
Terephb IIOCMOTPHUM Ha HHJEKC:

=> SELECT * FROM pgstatindex('bloat_d_idx') \gx

-[ RECORD 1 ]------ s
version | 4
tree_level | 1
index size | 712704
root block no | 3
internal pages | 1
leaf pages | 85
empty pages | ©
deleted pages | ©
avg leaf density | 89.17
leaf fragmentation | 0

KosimgectBo CTpaHMUII ¥ IVIOTHOCTE BEPHYJIMCH K HaYaJIbHBIM 3HAYE€HUSAM.

Jl71s1 TiepecTpoeHUs TabJIUIIEI BMeCTe C ee MHAeKCaMU MOKHO BOCII0JIb30BaThCsl KoMaHiol VACUUM FULL. OfHako, B OTJIMYME OT
REINDEX CONCURRENTLY, oHa IIOJTHOCTBIO 6JIOKHpPYET paboTy ¢ TabIuIielt.

=> VACUUM FULL bloat;
VACUUM

=> SELECT * FROM pgstattuple('bloat') \gx

-[ RECORD 1 ]------ ommmma
table len | 4431872
tuple count | 100000
tuple len | 4000000
tuple percent | 90.26
dead tuple count | ©

dead tuple len | ©

dead tuple percent | 0

free space | 16724
free percent | 0.38

IIOTHOCTD YBEJINYHIIACH, 0CBOGOXKIEHHOE MECTO OT/[AHO OIIEPAIIOHHOM CHCTEME.
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Bepcuu CTPOK HaKariMBarTCsl, TTI0O3TOMY Heobxoiuma
riepyuoinueckasi OUMCcTKa

[Ipouieypa OUMCTKHY pelaeT MHOTO PYTUX 3a/ay:

00OHOB/IEHHE KapT BUJUMOCTU U CBOOOJHOTO MIPOCTPAHCTBA
cOOp CTaTUCTUKY [J1s TUVITAHUPOBIIKA
3aMOpO3Ka CTapbIX BEPCUIl CTPOK

ABTOOUMCTKA [JO/DKHA paboTarh, HO TpeOyeT HaCTPOUKH

[Tpu pa3pacTaHuu MOXKeT TTOTpebOBaThCsI TTOJTHAsi OUUCTKA
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1. OTk/IOunTe MpOoIleCcC aBTOOUMCTKU U yOenuTech, UTo OH
He paboraer.

2. B HOBoI 06a3e IaHHBIX CO3/aiTe TabUITY C OJHUM UHCTIOBBIM
CTOMOLIOM U UHZEKC T10 3ToM Tabnuile. BcTtaBbTe B Tabuily
100 000 ciiyyaliHBIX YHCeI.

3. HeckosbKo pa3 u3MeHUTe IMOJIOBUHY CTPOK Tab/IULIbI,
KOHTPO/MPYS Ha KaXk/IOM IIlare pa3mMep TabuIbl U UHeKCa.

BoInosiHUTe TIO/THY0 OUKCTKY.

5. IloBTOpuTe mEUCTBUSA MyHKTA 3, BbI3bIBAsI IOCJ/IE KaXKOT0
v3MeHeHUst 00bIUHYI0 OUMCTKY. CpaBHUTE pe3y/bTaThl.

6. BxkurouurTe 1iporiecc aBTOOUMCTKH.
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1. YcTaHoBWTE NapameTp autovacuum B 3HaveHue off n nonpocute cepsep
nepeuntaTb (paisibl KoHdUrypaumu.

3. NicnonbayinTe doyHKUMN pg_table_size (ums- Tabnuusl) v
pg_indexes_size(ums- Tabamypl). NMogpobHee 0 hyHKUMAX A1
BbIYMCNIEHMS pa3MepoB pas/InyHbIX 0ObEKTOB rOBOPUTCA B MOAy e
«OpraHmsauma gaHHbIX».

6. YcTaHOBUTE NapameTp autovacuum B 3Ha4yeHue on (uiv copockTe
3Ha4eHune 3Toro napamerpa komaHgoii RESET), 3atem nonpocute cepeep
nepeunTaTb (paisibl KoHdUrypaumu.



1. OTK/II0UeHMEe aBTOOYUCTKH

IToxa aBTOOYMCTKA 3aIlylljeHa.

=> SELECT pid, backend_start, backend_type
FROM pg_stat_activity

WHERE backend_type = 'autovacuum launcher’;
pid | backend_start | backend_type
....... R
32061 | 2025-06-23 23:30:47.241772+03 | autovacuum launcher
(1 row)

BBIK/IIOUaeM aBTOOYHCTKY U IIEPEUUTHIBA€M HACTPOMKH KOHQHUTYPAITHH.
=> ALTER SYSTEM SET autovacuum = off;

ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload_conf

Terneps mporjecca autovacuum launcher Her.

=> SELECT pid, backend_start, backend_type
FROM pg_stat_activity
WHERE backend_type = 'autovacuum launcher’;

pid | backend_start | backend_type
..... e e e

(0 rows)

2. Ba3a JaHHBIX, TaG/IHMIa U HHAEKC

CosgaeM Ga3y JAHHBIX, TaGJIHMILY U HH/EKC:

=> CREATE DATABASE arch_vacuum_overview;

CREATE DATABASE

=> \c arch_vacuum_overview

You are now connected to database "arch_vacuum_overview" as user "student".
=> CREATE TABLE t(n numeric);

CREATE TABLE

=> CREATE INDEX t_n on t(n);

CREATE INDEX

BcTaBJIsieM CTPOKH:

=> INSERT INTO t SELECT random() FROM generate_series(1,100_000);

INSERT 0 100000

3. I3MeHeHHe CTPOK Ge3 OYHCTKH

JU1st yIoGeTBa 3aMUCHIBAaEM 3aIIpoC, BRIUMCIISIOIINIA pa3Mep TaGJIUIBl U HHEKCa, B IEpeMeHHYI0 psql:

=> \set SIZE 'SELECT pg_size_pretty(pg_table_size(''t'')) table_size, pg_size_pretty(pg_indexes_size(''t'')) index_size\\g (footer=off)'

=> :SIZE

table _size | index_size
............ e
4360 kB | 4288 kB

=> UPDATE t SET n=n WHERE n < 0.5;

UPDATE 49774

=> :SIZE

table _size | index_size
............ e
6512 kB | 6440 kB

=> UPDATE t SET n=n WHERE n < 0.5;
UPDATE 49774

=> :SIZE



table _size | index_size
............ e
8664 kB | 7680 kB

=> UPDATE t SET n=n WHERE n < 0.5;
UPDATE 49774
=> :SIZE

table _size | index_size

Pa3Mep TaG/IMIIBI U MH/leKca ITOCTOSTHHO PacTeT.

4. [TostTHasE OUHCTKA

=> VACUUM FULL t;
VACUUM
=> :SIZE
table _size | index_size

............ e
4336 kB | 3104 kB

Pa3Mep TabIUIIBI IPaKTUUECKU BEPHYJICI K Ha4aJIbHOMY, MH/IEKC CTaJl KOMIIaKTHee (IIOCTPOUTH MHJIEKC 110 60JIbIIIOMY 06 €My IaHHEIX 3G GeKTUBHee, YeM
106aBJISITh 3THU AaHHBIE K HH/IEKCY TIOCTPOYHO).

5. U3MeHeHHe CTPOK C OUHCTKOM

=> UPDATE t SET n=n WHERE n < 0.5;
UPDATE 49774
=> VACUUM t;
VACUUM
=> :SIZE
table _size | index_size

............ e
6520 kB | 4640 kB

=> UPDATE t SET n=n WHERE n < 0.5;
UPDATE 49774
=> VACUUM t;
VACUUM
=> :SIZE
table _size | index_size

............ e
6520 kB | 4640 kB

=> UPDATE t SET n=n WHERE n < 0.5;
UPDATE 49774
=> VACUUM t;
VACUUM
=> :SIZE
table _size | index_size

............ e
6520 kB | 4640 kB

Pa3Mep yBeJTMUUICS OfUH Pa3 U 3aTeM CTaGHUIM3HPOBAICA.
IIprMep IOKa3bIBaET, YTO y/jajeHue (1 U3MeHeHHe) 60JIbII0T0 06beMa JaHHBIX 110 BOSMOYKHOCTH CJIe/lyeT pas3/ie/IuTh Ha HeCKOJIbKO TPaH3aKIM. ITO

TI03BOJIUT aBTOMAaTHYeCKOH OUHCTKe CBOeBPeMeHHO y/IaIsTh HeHy>KHbIe BePCUU CTPOK, UTO II03BOJIMT U36ekaTh UYpe3MepHOro paspacTaHHUs TaO IUITbL.

6. BoccraHaB/IMBaeM ABTOOYHCTKY

=> ALTER SYSTEM RESET autovacuum;
ALTER SYSTEM
=> SELECT pg_reload_conf();

pg_reload_conf






