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Tembl Posygres

OO6bIuHasi OYMCTKA U cXeMa ee PabOoThI
PerynmupoBaHue Harpy3ku
AHanus

ITonmHast ouKCTKa U aHAJIOTH
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OOblYHAsA oYncTKa Posggres

BrinonHsieTcss komanaor VACUUM

He KOHq)J'II/IKTy'ET C 0OBLIYHOM aKTUBHOCTBIO B CUCTEME

O6pabatbiBaeT TabuIly 1 BCe ee UHIEKChI
OUMIIaeT HEHY)KHbIE BEDCUU CTPOK B TaOJIMUHBIX CTPAHUILIAX
(TIportycKasi CTpaHHMI[bl, y’Ke OTMEUEHHBIE B KAPTe BUAUMOCTH)
OUHIIAeT UHZEKCHBIE 3aMMCH, CChITAIOIUeCs Ha OUHILeHHbIe BEPCHUM CTPOK
0CBOOOXK/IaeT yKa3areyiu
0OHOBJISIET KapTy CBOOOAHOTO MPOCTPAHCTBA
OOHOBJISIET KApPTy BUJUMOCTH
BO3MOJKHA OTZIe/TbHAst OUMCTKA OCHOBHOM Tabimibl 1 TOAST-uactu

CamMooumncTKka Tabnuubl BbINOHAETCS GbICTPO, HO HE PeLLaeT BCeX 3a4ay.
OHa paboTaeT To/bKO B Npeaenax ogHol TabnnyHol cTpaHuLbl 1 He
3aTparvBaeT UHAEKChI.

OuuncTka, BbinosnHAaemas komaHgon VACUUM, obpabaTbiBaeT BCo Tabnuuy,
BK/1t0Yasi BCe CO3[aHHble Ha Heil HAeKCbl. [py 3TOM yaanstoTca U
HEHY>XHble BEPCUUN CTPOK, U yKasaTe/Nn Ha HUX B Havasle CTpaHuubl.

Bo Bpems paboTbl OUMCTKM Tabnmua MOXET UCMO/b30BaTbCA 0ObIYHbIM
obpasom 1 Ansa YteHus, n Ana n3MeHeHnsa gaHHbIX. Ho ogHOBpeMeHHoe
BbinosiHeHne psaga komaHg (Hanpumep CREATE INDEX, ALTER TABLE
N HEKOTOPLIX ApYrux) 6yaeT HEBO3MOXHO.

OuuncTtka nponyckaeT CTpaHuLbl TabNnLbl, B KOTOPbIX HET HEHYXXHbIX
BEpCUin CTPOK. 15 3TOro ncrnosb3yetca kapta sugumoctu (visibility map),
rae oTMe4yarTCsa CTpaHuubl, 3aBef0MO CofepXaLlme TO/IbKO akTyasibHble
Bepcun. Cama KapTta npu 3ToM ToXe 06HOBAAETCA. EC/IN HY)KHO, YTOObI
o4yncTKa obpaboTasia BCe CTpaHuubl, CnenyeT BKIUYMTb napameTtp
DISABLE PAGE_SKIPPING.

B npouecce paboTbl 0GHOBNAETCA Takke M KapTa CBOOOAHOIo NpoCTpaHCTBa
(free space map), B KOTOpPOW OTpaxaeTcs Ha/lMume CBO6OAHOro MecTa
B CTpaHuuax.

MOXHO OTKa3aTbCsl OT OYNCTKM OCHOBHOW Tabnuubl nnm ee TOAST-yacTtu,
BbikNtounB napametpbl PROCESS_MAIN nan PROCESS TOAST (no
YMOTYaHUIO 06a BK/THOYEHDI).

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

https://postgrespro.ru/docs/postgresql/16/routine-vacuuming
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10 OUNCTKN Posigres
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Ha pucyHke npuBeaeHa cuTyaunst 0 O4MCTKN. B TabMuHo cTpaHmue Tpu
BEPCUM OfIHOWN CTPOKW. [B€ U3 HNUX HeaKTyaslbHbl, He BUAHbI HA B OHOM
CHUMKE 1 MOTYT ObITb Y/a/EHBbI.

B MHAEKCE eCTb TPU CCbISIKU: HA KaXAYH0 U3 BEPCUIA CTPOKMN.



1. CkaHupoBaHue Tabnuubl

ctid
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Posygres

VfeHTUVKaTOpbI
oumLiaeMbIX BepCuii

maintenance_work_mem
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CHavania VACUUM BbINOMHAET cKkaHupoBaHne Tabnnubl (nponyckas
Te CTpaHULbl, KOTOPbIE NOMEYEHbI B KApTe BUANMOCTN).

B npounTaHHbIX CTpaHuuax npouecc onpenenseTr HeEHY>KHble BEPCUN CTPOK U
3anncbiBaeT Ux naeHTUuUKaTopbl B cneynasibHblii Maccus. /15 3TOro

B NoKasibHOM namaATn npouecca VACUUM Bblaensetca goparMeHT
pasmepom maintenance_work_mem (M1 MEHbLUWIA, €CQIN €ro 3aBe0MO
OyAeT AocTaTo4yHO). 3Ha4YeHe 3aToro napamerpa no ymonvyaHmio —

64 M6aiiT. OTMETMM, YTO 3Ta NaMsITb BblAENSIETCS cpasy B NO/IHOM 06beME,
a He No Mepe HeoBXoANMOCTM.



2. Oynctka nHaekcos Posigres
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Korga BblfeneHHas nog MaccuB NaMsiTb 3aKkaHUMBaeTCst (MN eCriv Mbl
yXXe [OLN [0 KOHLA Tab/uLbl), BbINOHAETCS O4YMCTKA UH/EKCOB.

N5 3TOro Kaxxobil U3 UHAEKCOB, CO3[laHHbIX HA Tabnuue, MosIHOCMbH
cKaHupyemcsi B OUCKax 3anuceil, KOTopble CCbINAlTCS Ha OUYMnLLLaeMbIe
BEPCUM CTPOK. HaliieHHble 3anncy BblUMLLATCS U3 UHAEKCHbIX CTPaHNLL.

HaunHana ¢ PostgreSQL 14, ouncTka nponyckaeTt ckaHupoBaHne NHAEKCOB,
€C/i1 3T0 Mas103(pPekTMBHO (Koraa KosiM4yecTBO CTpaHuL,, CoAepXaLLmnx
MepTBbIE CTPOKN, He npeBblwaeT 2% oT 06Lero kKomyecTsa CTpaHul,
Tabnuubl). Ho ecnn napametp INDEX _CLEANUP BbicTaB/eH B 3Ha4YeHne

on, To VACUUM 6ypeT 6e3yCnoBHO yaanATb HEHYXXHbIE 3anncu 13
NHOEKCOB.
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3. Ounctka Tabnmuybl Posigres

ctid K10y -
oyuLieHa 1 rotosa
K NPOZO/MKEHIO
0,3) BAZ | /A
/ \\
| |
| |
| |
| |
|
! 1
| |
3 2. _© \ /
EcE2%o 2 oo e -
é o EQL a3 maintenance_work_mem
ESESZ2>
S8ow25
S E33SZ
: EEEEOLO
yKasatesnb Xmin Xxmax X X X X £ £  [AaHHble
0,1) unused
(0,2) unused
(0,3) normal » 102 t 42 BAZ

Mocne 3Toro HeobxoANMble TabfiMyHble CTPaHULbI MOBTOPHO YMTaloTCS,
4TOObI OUNCTUTb B HUX HEHYXXHbIE BEPCUM CTPOK 1 0CBOGOANTbL yKa3aTesu,
Ha KOTOpble 60/Iblle HET CChISIOK N3 MHAEKCOB.

Ecnn Ha nepsom npoxoge Tabnuua He 6bl1a NpockaHpoBaHa NoIHOCTLIO,
VACUUM ounulaeT maccuB B naMsiTU 1 NPOA0/IKAET paboTy C 3TOM TOUKMN.

Takvm 06pa3oM, ecnv Npu 0YNCTKe yaansieTcs Tak MHOTO BEPCUiA CTPOK,

YTO MX MAEHTUPMKATOPbI HE MOMELLLAKTCS B NaMsTb pa3mMepom
maintenance_work_mem, Bce UHAEKCbI OyayT NOTHOCTbIO CKAHNPOBATbLCS
HecKo/bKo pa3. Ha 60/bLunx Tabnmuax aTo MOXET 3aHUMAaTb CYyLLeCTBEHHOE
BpeMSsl 1 3aMETHO HarpyaTb CUCTeMY. B TakoM c/lyyae MOXHO /60
pacnpeaennTb Harpy3ky BO BPEMEHMU, BbI3biBasi OUUCTKY yallle (4To6bl 3a
KaXX /bl pa3 ounLLLa/I0Cb He OY€eHb BOMbLIOE KONMNMYECTBO BEPCUIA CTPOK),

NGO BbIAENNTL 60/bLLE NaMATU, YTOObI MCK/TOUNTL NMOBTOPHYH 06paboTKy
NHOEKCOB.

B KOHUE 04UNCTKM BbINOSIHAETCA 3Tan yceyeHus tabnuubl. Ecin B camom
KOHUe dhaitna o6pa3oBasiocb [OCTATOYHO MHOTO MYCThIX CTPaHUL, OHU
«OTKYCbIBAKOTCH» 1 0CBOOOAMBLLEECH MECTO BO3BpaLlaeTcs onepaunoHHON
cucTemMe. D10 AeicTBmne TpebyeT YCTaHOBKN UCKTIOUYNTENTbHOW G/T0KMPOBKN.
Ecnn Takasa 6110KMpoBKa Bbi3blBAET MPO6/1eMbI, 3Tan yCeyeHUs MOXHO
OTK/TIOUYNTL NapamMeTpoM XpaHeHusa vacuum_truncate nnm asHo: VACUUM
(TRUNCATE off). Noapo6Hee cMm. moayb «BrioKnpoBku».
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MOHUTOPUHT Pos{gres

VACUUM VERBOSE

[TpencrapnieHue pg_stat_progress_vacuum

TIOJTHBIN pa3Mep Tabnuibl
YKCJ/I0 MPOYMTAHHBIX CTPAHUI] ¥ UKUCJIO OUMII[EHHBIX CTPAHMUI]
KOJTMUeCTBO Y>Ke 3aBepIlIeHHbIX [[UK/I0B OUMCTKU UH/EKCOB

YKC/I0 UJeHTU(PUKATOPOB BEePCHiA CTPOK, TIOMELIAIOL[UXCS B TIAMSTh
Y TeKylljee YUC/I0 UeHTU(HUKATOPOB B MaMATH

TeKylasi a3a OUUCTKU

Ecnu ouncTka BbINOSHSAETCS A0T0, MOXET NOoTPeboBaThbCs Y3HaTb TeKyLlee
cocTosiHMe aern.

Ana atoro MmoxHo Bbi3biBaTb VACUUM c ykazaHnem VERBOSE —
Ha KOHCO/1b 6yAeT BbIBOAUTLCA NMHpOPMALMA O XOA4€e BbINOIHEHMS.

Kpome TOro, ectb npegcrasfieHne pg_stat_progress_vacuum, KOTopoe
COAEPXMUT BCIO MHGDOPMALMIO O BbIMO/THAIOLWENCS B AaHHbIA MOMEHT
O4nNCTKe. X0 OUMCTKMN TabnuLbl MOXHO OTC/IEXMBATb, CpaBHMBAs YMC/0
oumnuleHHbIx cTpaHul (heap_blks vacuumed) ¢ o6WMM KONIMYECTBOM
(heap_blks_total). Xog ounctkn nHAEeKCoB AeTasibHO He OTobpaXxaeTcs,

HO OCHOBHOE BHMMaHue Haao obpallartb Ha KOIMYECTBO LMK/I0B OYUCTKN
(index_vacuum_count) — 3Ha4yeHne 6onblue 1 o3Ha4YaeT, YTo NamMsTu
maintenance_work_mem He XBaTuso s Toro, YTobbl 3aBepLUNTbL OUNCTKY
3a OAMH Npoxoaq,.

https://postgrespro.ru/docs/postgresqgl/16/progress-reporting
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OOBIYHASsI OUHCTKA

CospaguM TabIUIy U HHIEKC.

=> CREATE DATABASE mvcc_vacuum;

CREATE DATABASE

=> \c mvcc_vacuum

You are now connected to database "mvcc vacuum" as user "student".
=> CREATE TABLE t(id integer);

CREATE TABLE

=> CREATE INDEX t_id ON t(id);

CREATE INDEX

Kax 06bI9HO, HCII0/IB3yeM pacIIupeHue pageinspect:
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

A Taxxke IpeacTraB/ieHUe NI TaOIHYIHOMN CTpaHUIIBI:

=> 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
U mpepcTaBiIeHUe I HHEKCA:

=> CREATE VIEW t_id_v AS
SELECT itemoffset,

ctid
FROM bt_page_items('t_id',1);
CREATE VIEW
BcTaBUM CTpPOKY B Ta6/IMIy 1 06HOBHM ee:
=> INSERT INTO t VALUES (1);
INSERT 0 1
=> UPDATE t SET id = 2;
UPDATE 1

Tenepb, YTOOBI €Ille pa3 HallOMHHUTE IIPO ITIOHATHE TOPHU30HTAa, OTKPOEM B IPYTOM CeaHCe TPpaH3aKIIUI0 C aKTUBHBIM CHUMKOM
MTaHHBIX.

| => \c mvcc_vacuum
| You are now connected to database "mvcc_vacuum" as user "student".

| => BEGIN ISOLATION LEVEL REPEATABLE READ;



| BEGIN
| => SELECT * FROM t;
id

2
(1 row)

TopH30HT 6a3bl JAHHBIX OIIPEeJISIeTCI ITHM CHUMKOM:
| => SELECT backend_xmin FROM pg_stat_activity WHERE pid = pg_backend_pid();

backend_xmin

CHOBa 06HOBHUM CTPOKY.

=> UPDATE t SET id = 3;

UPDATE 1

Ceriuac B TabJIMIle TPH BEPCUU CTPOKH:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R e SRR R R
(0,1) | normal | 749 (c) | 750 (c) | | | (0,2)
(0,2) | normal | 750 (c) | 751 | | | (0,3)
(0,3) | normal | 751 | 0 (a) | | | (0,3)

(3 rows)

BEIIIOJTHUM TeIlepb OYHCTKY.

=> VACUUM t;

VACUUM

Kak nsMeHHuTCs TabJIMYHas CTpaHHUIA?

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- R R L s
(0,1) | unused | | | |

(0,2) | normal | 750 (c) | 751 (c) | | | (0,3)
(0,3) | normal | 751 (c) | @ (a) | | | (0,3)

(3 rows)

OuncTKa 0cB060/MJIa OHY BepCHI0 CTPOKH, a BTOpas ocTaJjach 6e3 M3MeHeHUH, TaK KaK IlapaJlieJlbHas TpaH3aKIIH [0 CUX I10p
He 3aBepIieHa U ee CHUMOK aKTHBEH.

B HHEKCe — IBa YKa3aTeJIsd Ha OCTaBIIHeCd BEPCHUH:

=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

MOo>XHO IIOIIPOCUTE OYHCTKY pacCKa3aThb O TOM, UTO IIPOUCXOTUT:

=> VACUUM VERBOSE t;



INFO: vacuuming "mvcc vacuum.public.t"

INFO: finished vacuuming "mvcc vacuum.public.t": index scans: 0
pages: O removed, 1 remain, 1 scanned (100.00% of total)

tuples: O removed, 2 remain, 1 are dead but not yet removable
removable cutoff: 751, which was 1 XIDs old when operation ended
frozen: 0 pages from table (0.00% of total) had 0 tuples frozen
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 10 hits, 0 misses, 0 dirtied

WAL usage: 0 records, 0 full page images, 0 bytes

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

O6paTnuTe BHUMaHUE:

e tuples: 0 removed, 2 remain, 1 are dead but not yet removable,
e index scan not needed
e removable cutoff Toka3sIBaeT TEKYIINY TOPU30OHT

Ter{epb 3aBepIIUM ITapasUle/IbHYI0 TPAaH3aKIIUI0 1 CHOBA BEI3OBEM OUHCTKY.
| => comMmIT;

| commIT

=> VACUUM VERBOSE t;

INFO: vacuuming "mvcc_vacuum.public.t"

INFO: finished vacuuming "mvcc vacuum.public.t": index scans: 1

pages: 0 removed, 1 remain, 1 scanned (100.00% of total)

tuples: 1 removed, 1 remain, O are dead but not yet removable

removable cutoff: 752, which was 0 XIDs old when operation ended

new relfrozenxid: 751, which is 1 XIDs ahead of previous value

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

index scan needed: 1 pages from table (100.00% of total) had 1 dead item identifiers
removed

index "t id": pages: 2 in total, 0 newly deleted, 0 currently deleted, O reusable
avg read rate: 0.000 MB/s, avg write rate: 101.461 MB/s

buffer usage: 16 hits, 0 misses, 1 dirtied

WAL usage: 6 records, 1 full page images, 8791 bytes

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

VACUUM

TOpPH30HT CABHUHYJICS BIIEPE U ITO3BOJIHII OUKCTKE YAAIUTE MEPTBYIO CTPOKY — tuples: 1 removed. Tellephb B CTpaHHUIIE 0CTaIACh
TOJILKO ITOC/IeAHSIS aKTyaIbHasl BePCHsI CTPOKH:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t ctid
------- L s e e e ot T
(6,1) | unused | | I |

(0,2) | unused | | | | [

(0,3) | normal | 751 (c) | © (a) | | | (0,3)

(3 rows)

B HHEKCe TaKXXe oCTaJsiaCh TOJIBKO O/THA 3aIIKCh:
=> SELECT * FROM t_id_v;

itemoffset | ctid
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PerynupoBaHne Harpysku Posigres

[Tporiecc uepenyeT paboTy U OXKUJAHKE

MIPUMEPHO vacuum_cost_limit yCIOBHBIX eIMHUL] PabOTHI,
3aTeM 3achIraeT Ha vacuum_cost_delay mc

Hactporiku

vacuum_cost_limit = 200
vacuum_cost_delay = 0 ms

CTOMMOCTb 00pabOTKM:

vacuum_cost_page_hit = 1 — CTpaHMLja HalluIach B Kellle
vacuum_cost_page_miss = 2 — CTpaHMLa ITPOYMTaHa C JUCKa
vacuum_cost_page_dirty = 20 — YKCTasl CTPaHML|a CTajia rPSI3HOU

10

MOCKO/bKY MPOLECC OYUCTKM MHTEHCMBHO paboTaeT ¢ Tabnmuamm

N MHOEKCAMU, MOXET 0Ka3aTbCsl HE0OXOAMMbIM pacnpeaennTb AencTBus

BO BPEMEHW 1 TEM CaMbIM CI1aANTb MUKW Harpy3ku. A5 3TOro CyLLecTByeT
BO3MOXHOCTb BbINO/HATbL OUUCTKY NOPLUUSIMU, Yepeays paboTy 1 OXuaaHue.

Pasmep nopumn vacuum_cost_limit ykasblBaeTcs B YC/I0BHbIX eAuHULAX.
Tpu Apyrnx napameTpa, ykasaHHbIX Ha cnainge, onpenensaiT CTOUMOCTb
06paboTKM OAHOWN CTpaHULbl B 3TUX eANHNLAX B 3aBUCUMOCTU OT
Heob6XoANMMOCTHM pasHbIX AeNCTBUI. B ny4yliem criydyae CTOMMOCTb byaet
paBHa vacuum_cost_page_hit (ecnn cTpaHuua Halliachb B Kewe n imbo

He n3MeHunnachb, MM60 yxe bblna rpsA3HoI); B XyALem crnyvyae —
vacuum_cost_page_miss + vacuum_cost_page_dirty (ecnu ctpaHuya bblnia
npoynTaHa c gucka n UaMeHunacb B pesysistate O4YnUCTKN).

HacTpoiika no ymonyaHuto haktnyeckmn oTkroyaeT MexaHnsm
perynmpoBaHna Harpysku, Tak Kak BpemMsa OXnaaHua BbICTaB/I€HO B HOJIb.
D710 caenaHo 13 Tex CoodpaXKeHu, YTo ecnm agMUHUCTPaToOpPy NPULLIOCH
3anyckatb VACUUM Bpy4HYI0, OH, CKOpee BCEero, Xo4eT BbINO/IHUTb OYNCTKY
KaK MOXHO ObICTpee.

https://postgrespro.ru/docs/postgresal/16/runtime-config-resource#RUNTIM
E-CONFIG-RESOURCE-VACUUM-COST
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[lapannensHaa o4yncTka Posigres

CKaHMpOBaHME W OUKCTKA TabMUIIbl — TI0C/Ie/IoBaTeTbHO

OumncTKa HHAEKCOB MOXXET BBIIIOJIHATHCA I1dPdJ/I/IeJIbHO

Ka)X/[bIl MH/IEKC — TOJIbKO OJJHUM pabOuuM IpOLieCCoM
pa3Mep UHjleKca Jo/DKeH TpeBbIlliaTh min_parallel_index_scan_size

KOTMYeCTBO IPOLIeCCOB orpaHnueHo max_parallel_maintenance_workers
Y, eC/I1 yKa3aHo, 3HaueHreM VACUUM (PARALLEL n)

11

3Tanbl CKAHMPOBAHUS U OYNCTKN TabNMLbl BCErJa BbIMOHAOTCS
nocrieaoBaTesibHO OAHUM MPOLECCOM.

JT1an OYMCTKN NHAEKCOB MOXET BbIMOJIHATLCA B Napasl/ie/IlbHOM pexnme.
D10 nponcxoguTt, ecnn Ha Tabnuue co3gaHo HeECKO/IbKO (60/ibLle OAHOr0)
A0CTaTO4YHO 60NbLINX MHOEKCOB: pasmep nHAekca A0/MKEH NpeBbIaThb
3HayeHune napametpa min_parallel_index_scan_size (512 K6anTt no
ymosiHaHuio). Torga Ansa Kakaoro noaxoAsuiero nHaekca 3anyckaeTcs
OTAEeNbHbIN pabounii npouecc.

Kaxapbli nHaekc obpabaTbiBaeTCcA TOMIbKO OAHUM paboymm npoLeccom,
TO €CTb HECKOJ/IbKO NPOLLECCOB HE MOTYT o4YMLLaTb OAMH N TOT e MHAEKC.

KosimyecTBo npoueccoB orpaHMYeHOo CBEPXY 3HaYeHneM napamMmerpa
max_parallel_maintenance_workers n MOXeT ObITb AONO/THUTE/IbHO

orpaHnyeHo siIBHbIM yKa3aHWeM CTerneHun napassiennima npu Bbi3oBe
komaHabl VACUUM (PARALLEL n).



AHan3 Posigres

Bremonasercsa npyu VACUUM ANALYZE niu ANALYZE

He KOHq)JII/IKTyeT C 0OBLIYHOM aKTUBHOCTBIO B CUCTEME

CobupaeT CTaTUCTUKY AJIs TIJTaHUPOBIIHKA
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Euwle ogHa 3agaya, KOTOpyt 00bIYHO COBMELLLAIOT C OUYMUCTKOW, — aHaun3,
TO eCTb CO60p CTaTUCTUYECKOWN MHpopMaL MK ANA NAaHUPOBLLMKa 3arnpocCoB.
AHanunsnpyeTtcsa 44cno CTPOK B Tabnuue, pacnpeneneHne gaHHbIX rno
ctonéuam n T. n. NoapobHO cbop CTaTUCTUKN pacCMaTpmuBaeTcs B Kypce
QPT «OnTmMmnsaunsa 3anpocos» .

BpyuHyto aHanm3 BbinosiHseTcst komaHaon ANALYZE (Tonbko aHanua)
nnm VACUUM ANALYZE (1 ouncTka, n aHanms).

Kak 1 B criydae ouncTkn, 06paboTka NpomcxoamT B 0OHOBOM pexnme
N HEe MeLLaeT 06bIYHOMY UCMO/Ib30BaHMI0 TabInL, U UHEKCOB.

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



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

Ananns

CospaguM TabIuIly ¢ 60JIBIINM KOJTHNYeCTBOM OAMHAKOBEIX CTPOK U IIPOUHAIEKCHPYEM ee:

=> CREATE TABLE tt(s) AS SELECT 'FO0' FROM generate_series(1,1_000_000) AS g;

SELECT 1000000

=> CREATE INDEX ON tt(s);

CREATE INDEX

[[1IaHUPOBIITHK HUYETr0 He 3HaeT IIpO JaHHbIe U BhIOMpaeT MHAEKCHBIN I0CTYII, XOTS UYUTATh IIPU/ETCS BCIO Ta6GIUITY:
=> EXPLAIN (costs off) SELECT * FROM tt WHERE s = 'F00';

QUERY PLAN

Bitmap Heap Scan on tt
Recheck Cond: (s = 'FOO'::text)
-> Bitmap Index Scan on tt s idx
Index Cond: (s = 'FOO'::text)
(4 rows)

[Ipu aHaIM3e COOMpPaEeTCs CTATUCTHKA I10 CIIyYaifHOM BEIGOPKE CTPOK:
=> ANALYZE VERBOSE tt;

INFO: analyzing "public.tt"

INFO: "tt": scanned 4480 of 4480 pages, containing 1000000 live rows and 0 dead rows;
30000 rows in sample, 1000000 estimated total rows

ANALYZE

CTaTHCTHUKaA COXpaHseTCd B CUCTEMHOM KaTaJIore. ITocste aToro IVIaHUPOBIIUK 3HAET, YTO BO BCeX CTPOKAX HAXOAUTCA OTHO U TO
JKe 3Ha4YeHUe, U IiepecraeT UCII0/Ib30BaTh UH/IEKC:

=> EXPLAIN (costs off) SELECT * FROM tt WHERE s = 'F00';

QUERY PLAN
Seq Scan on tt
Filter: (s = 'FOO'::text)
(2 rows)



of] PROFESSIONAL

[To1Hag o4YncTKa Posigres

Brimonnsiercst Komanzor VACUUM FULL

He COBMECTHMd HU C KdKKMMH OIrlepaliusAiMH HaJl Ta6m/11_1e171, BKJ/IFOUada yTeHue

[TonHOCTBIO TIepecTparBaeT TaO/IUIy U BCe ee UH/EKChI

nipy pabote noTpebyeTcst AOMOMHHUTETbHOE MeCTO /i/1sl HOBBIX (aiisioB
0CBOOOK/IEHHOe MeCTO BO3BpalllaeTCs OTNepaljioHHOM cucTeMe
BBINOJTHSIETCS 10JTbILIe, YeM OOBIYHAsS OUMCTKA
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OO6blYHast OUMCTKA He peLlaeT BCeX 3a7a4 No 0CBOOOXAEHMIO MecTa.

Ecnu Tabnuua unmn NHAEKC CUMbLHO BbIPOC/M B pasMepax, TO OUMUCTKa He
NpUBEAET K COKPALLEHMIO Yncna CTpaHuL, (U K YyMeHbLUEHUIO dhaiinoB).
BMEeCTO 3TOro BHYTPY CYLLLECTBYHOLLMX CTPAHULL, MOSABATCS «/1blPbl», KOTOPbIE
MOTYT ObITb UCMO/Ib30BaHbI A/151 BCTABKM HOBbIX CTPOK N U3MEHEHUS
CylecTByOLWNX. EANHCTBEHHOE UCK/TIOYEHME COCTaB/IAOT NOTHOCThIO
OUULLEHHbIE CTPAHULbI, HAXOASALWMECS B KOHLE (haiina — Takue cTpaHuLbl
«OTKYCbIBaKTCSI» U 0CBOOOAMBLLEECS MECTO BO3BpPaLLAETCsi OnepaunuoHHO
cucTeme.

Ecnu pasmep haiinioB NpeBbIlAET HEKNE pasyMHble Npeaesbl, MOXHO
BbIMO/THATL MOJIHYO OUMCTKY. [pKn 3TOM Tabnuua n Bce ee NHOEKCHI
nepecTpanBaroTCA NOSIHOCTLIO C HYNA, a flaHHble YNakoBbIBalOTCA
MakCcuMasibHO KOMMakTHO (pa3ymeeTcs, ¢ yyeToM fillfactor).

Mpwn nepecTpolike PostgreSQL nocnegosatesibHO NepecTpanBaeT CHavana
Tabnuuy, a 3atemMm 1 Kaxaplil U3 MHAEKCOB. [NA HUX CO34at0TCA HOBble
dhainbl, a ctapble yganstotces. CrieyeT yuuTbiBaTh, UTO B Npouecce paboTbl
Ha OucKe noTpebyeTcs A0MNOMHUTENbHOE MECTO.

MonHaa o4yncTKa He npeanonaraeT perysispHoro NCnosib30BaHusA, Tak Kak
MO/THOCTBIO B/IOKMPYET BCAKYHO paboTy ¢ Tabnuuen (Bkioyasa 1 BbINOSTHEHWE
3anpocoB K Heil) Ha Bce BpeMs cBoel paboTbl. Ha akTMBHO NCMO/b3YEMOi
CUCTEME 3TO MOXET ObITb HENPUEMIEMbIM; B TAKOM C/lydae MOXET NMOMOYb
paclumpeHnune pg_repack (https://github.com/reorg/pg_repack), He Bxogsiiee
B NOCTaBKYy.



https://github.com/reorg/pg_repack

[10 MNOJSTHON OYNCTKU Posigres

ctid K/Tou
(0,2) | BAR
(0,3) | BAZ
(0,1) | FOO

3 B_ o

= =2 T o

EBELE 2

ESESZ>

S238R82S

S E33SZ
yKasartesib Xmin  xmax E E § EE £ pauHbie
(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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Ha pucyHke npvseaeHa cutyauusi Ao NosiHOi o4YnUCTKU. B TabnnuHoi

CTpaHuLie TPy BEPCUUN OAHOI CTPOKW. [IBE U3 HUX HeaKTyas lbHbl, HE BUAHbI
HW B OJHOM CHUMKE 1 MOTYT ObITb Y/a/1EHbI.

B MHAEKCE eCTb TPU CCbISIKU HA KaXy U3 BEPCUIA CTPOKMN.



[MToc/ie No/IHOWM OUYNCTKN Posigres

ctid K104
(0,1) | BAZ
B w
= = T o
EBELE 2
ESESZ>
S238R82S
S E33SZ
yKasaresb xmin xmax £ £ £ §228 JaHHble
(0,2) normal » 102 t 42 BAZ
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[Mocne BbINOSTHEHUSA MOJIHOM OUMCTKU COAEPXKMMOE TabNuLbl N MHAEKCA
NO/THOCTLH MNEPECTPOEHO N PU3NYECKM HAXOOQUTCH B APYrux dpaimnax.
Mpwn atom OID Tabnmubl B CUCTEMHOM KaTasiore coxpaHseTcs.



ITostHAsA oUMCTKa

®aiIel, 3aHUMaeMble TaGJIUIeH U HHEKCOM:
=> SELECT pg_relation_filepath('t'), pg_relation_filepath('t_id');

pg relation filepath | pg_relation filepath
...................... i
base/16390/16391 | base/16390/16394

(1 row)

BBI3BIBA€M ITOJIHYIO OUHCTKY.
=> VACUUM FULL VERBOSE t;

INFO: vacuuming "public.t"

INFO: "public.t": found O removable, 1 nonremovable row versions in 1 pages
DETAIL: 0O dead row versions cannot be removed yet.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.01 s.

VACUUM

Taﬁﬂnua U UHJIEKC Tellephb II0JIHOCTHIO IIePeCTPOEHBI:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- LT T S L L LL LT T ey
(0,1) | normal | 751 (c) | O (a) | | | (0,1)
(1 row)

=> SELECT * FROM t_id_v;

itemoffset | ctid

NMeHa $aiiIoB TIOMEHSUINCh:
=> SELECT pg_relation_filepath('t'), pg_relation_filepath('t_id');

pg relation filepath | pg_relation filepath
...................... i
base/16390/16455 | base/16390/16458

(1 row)



of] PROFESSIONAL

AHaI0rM NO/THOW OUYUCTKU Posigres

CLUSTER

TIO/THOCTBIO TlepecTparBaeT TablUIly U BCe ee MH/EKChI

JIOTIOJIHUTEJIBHO (PU3UUeCKH YIIOpsi0uMBaeT BePCHUU CTPOK
B COOTBETCTBUH C OIHMM U3 UH/I€KCOB

REINDEX

IMO/IHOCTBIO IepeCTparBaeT MHAEKChI

TRUNCATE

«OITyCTOLIIaeT» Tabnuily

OcobeHHOCTH

BCe KOMaH/IbI TTOJTHOCTBIO O/IOKMPYIOT paboTy ¢ Tabnuiieit
BCe KOMaH/Ibl CO3/Ial0T HOBbIE (paiisibl /1/1sl IAHHBIX
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ECTb HECKO/IbKO KOMaH/, KOTopble paboTatoT, MCNOsIb3Yst CXOXUIA MEXaHN3M.
Bce oHM NONHOCTLIO 610KNPYIOT paboTy ¢ Tabnuuei, BCe OHU yaanstoT
cTapble thannbl AaHHbIX U CO34at0T HOBbIE.,

KomaHga CLUSTER Bo Bcem aHanornyHa VACUUM FULL, Ho
AONOSTHUTENBHO PU3NYECKM YNOPAL0UNBAET BEPCUN CTPOK B COOTBETCTBUM
C O4HMM M3 NHAEKCOB. DTO AaeT NNaHNPOBLLMKY BO3MOXHOCTL 6onee
3pheKkTMBHO NCNob30BaTb NHAEKCHbLIA JOCTYMN B HEKOTOPbLIX CrlyvasX.
OfHako Hafo NoHMMaTb, YTO K/lacTepusauna He NoALePXKMBAETCA: Npu
nocneayowmx N3MeHeHuaxX Tabnuubl M3n4ecknini NopsaLoK BepPcuin CTPOK
OyaeT HapyLllaTbCs.

KomaHga REINDEX nepectpanBaeT MHOEKCHI, HE Tporasd npuv aToM Tabnuuy.
dakTnyeckn, VACUUM FULL ncnonb3yeT 3Ty KOMaH4y ANd NepecTpoeHus
NHOEKCOB. Mpn aToM unTatb Tabnmuy hopmasibHO He 3anpeLaeTcs, ogHako
N1aHMPOBLLMK NOMNbITAETCA NOSYy4YnNTL 6/1I0KMPOBKY NepecTpanBaemMoro
NHAEKca, YTobbl pacCMOTPETbL BCE NJlaHbl, N 40 OKOHYaHUS paboTbl
KoMaHgbl npountatb Tabnuuy dpaktnyeckn He yagactca. BapuaHT REINDEX
CONCURRENTLY pa6oTtaet aosnblue, HO He 6/10KUPYeT MHAEKC N He
MeLlaeT YTEHNIO U OOHOB/IEHNIO AaHHbIX.

KomaHga TRUNCATE nornyeckun pabotaet Tak xe, kak U DELETE —
ypansaet Bce TabnuyHble ctpokn. Ho DELETE, kak y)ke 6b1/10 pacCMOTPEHO,
nomeyaeT BEpCUM CTPOK Kak yaasieHHble, UTO TpebyeT AasibHenLei
ounctkn. TRUNCATE e npocTo co3gaeT HOBbII, YACTbIN thaiin. ITo
paboTaeT 6bICTpee, HO Haao yunTbiBaTh, UTO TRUNCATE 3abnokupyet
paboTy ¢ Tabnmuein Ha BCce BpeMS [0 KOHLA TPaH3aKLUu1W.



ITormn Pog%g?é%

OObIuHasi OUMCTKA 0CBOOOKAaeT MeCTO B CTpaHUI[aX

BBITIO/IHAETCA B (bOHOBOM pexxuMme
MOXXeT HOTpEGOB&TbCH HECKOJIBKO pa3 CKAHWPOBATHE MHEKCHI

AnHanu3 cobupaeT CTaTUCTUKY AJIsl TUIAHUPOBIIUKA

BBITIOJ/IHAETCA B (bOHOBOM pexxuMme
MO’KHO COBMECTHUTD C OUMCTKOM

[TonHast ouncTKa repecTpavBaeT TabIUIy U UHIEKCHI

6nokupyeT paboTy c Tabuiieit Ha Bce BpeMsi BHITIOTHEHUS
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of] PROFESSIONAL

[1pakTnka Posigres

1. Co3patite 60/biyr0 TabMMIY C MHIEKCOM. BpeMeHHO
yYMeHbIIIUTe 3HaueHue maintenance_work_mem Tak, 4ToOBbI
1oTpeb0BaIOCh HECKOTBKO TIPOXO/IOB [I/IsT OUMCTKY WHZEKCa.
IIpokoHTpOIMpYy¥Te, 3anyckas VACUUM VERBOSE.

2. Ypanute u3 6onbi1oi Tabmuiibl 90% cydyaiHbIX CTPOK
Y TPOBepbTe, KaK U3MEHU/ICS 00beM, KOTOPbIH Tab/uiia
3aHUMaeT Ha JJUCKe, TI0C/Ie BBITIOJIHEHUST 00BIYHON OUMCTKH.

3. TloBTOpwuTe 1. 2 C MOJIHOW OUUCTKOU.
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1. UTo6bI MCKNOUNTL cpabaTtbiBaHMe aBTOMaTU4eCKO OUYNCTKN
(paccmaTpuBaeTcs B criedytoLlein TeMe), Npu co3gaHnm Tabnnubl yKkaxuTe
napameTp XxpaHeHunsa autovacuum_enabled:

CREATE TABLE ... WITH (autovacuum_enabled = off);



1. CkaHHMpOBaHHe HH/EKCOB IIPH OYHCTKEe

COSﬂa/II/IM TaGHHHy C JaHHBIMHU U HHIEKC. HapaMeTp autovacuum_enabled BBIK/IIOUEH, UTOOLI HE Cpa6aTbIBElJIa aBTOMaTHYeCKas
OYHCTKa.

=> CREATE DATABASE mvcc_vacuum;

CREATE DATABASE

=> \c mvcc_vacuum

You are now connected to database "mvcc vacuum" as user "student".
=> CREATE TABLE t(id integer) WITH (autovacuum_enabled = off);
CREATE TABLE

=> INSERT INTO t SELECT gen.id FROM generate_series(1,1_000_000) gen(id);
INSERT 0 1000000

=> CREATE INDEX t_id ON t(id);

CREATE INDEX

YMeHbIIIaeM pasMep ITaMsTH, BBIeJI1eMO IT0]] MaCCHB HeHTHOHUKATOPOB:

=> ALTER SYSTEM SET maintenance_work_mem = '1MB';

ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

O6HOBJIsIEM BCE CTPOKH:

=> UPDATE t SET id = id + 1;

UPDATE 1000000

3amyckaeM OYHCTKy. Yepes HeGoJIbIIIOe BpeMsI B IPYTOM ceaHce 06paTHMCS K Pg_stat_progress_vacuum.
=> VACUUM VERBOSE t;

| => \c mvcc_vacuum

| You are now connected to database "mvcc_vacuum" as user "student".

| => SELECT * FROM pg_stat_progress_vacuum \gx

-[ RECORD 1 ]------ B T
pid | 46018

datid | 16390

datname | mvcec_vacuum

relid | 16391

phase | vacuuming indexes
heap_blks_total | 8850
heap_blks_scanned | 3088

heap blks vacuumed | 2315

index vacuum count | 3

max_dead tuples | 174761

num_dead tuples | 174472




INFO: vacuuming "mvcc vacuum.public.t"

INFO: finished vacuuming "mvcc vacuum.public.t": index scans: 6

pages: O removed, 8850 remain, 8850 scanned (100.00% of total)

tuples: 1000000 removed, 1000000 remain, 0 are dead but not yet removable
removable cutoff: 748, which was 0 XIDs old when operation ended

new relfrozenxid: 747, which is 3 XIDs ahead of previous value

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

index scan needed: 4425 pages from table (50.00% of total) had 1000000 dead item
identifiers removed

index "t _id": pages: 5486 in total, O newly deleted, 0 currently deleted, 0 reusable
avg read rate: 0.000 MB/s, avg write rate: 0.060 MB/s

buffer usage: 55073 hits, 0 misses, 6 dirtied

WAL usage: 23177 records, 6 full page images, 10055108 bytes

system usage: CPU: user: 0.46 s, system: 0.06 s, elapsed: 0.78 s

VACUUM

BoccTaHOBUM 3HaueHHe M3MeHEeHHOI0 lTapaMeTpa.
=> ALTER SYSTEM RESET maintenance_work_mem;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg reload conf

2. OyucTKa 00JIBIIOro KOJIHYeCcTBa CTPOK

Texy1iuii pasMep daiina JaHHBIX:
=> SELECT pg_size_ pretty(pg_table_size('t'));

pg size pretty

Voamum 90% ciIy4afiHEIX cTPoK. CIy4aifHOCTh BaXKHA, UTOOHI B KaXKIOM CTPAHHUIlE OCTAIHCH KaKHUe-HUGYAb Hey/jaleHHbIe CTPOKK
— B IIPOTHUBHOM CJIy4ae OYHCTKA UMeeT IIIaHC YMEHBIITUTE pasMep dariia.

=> DELETE FROM t WHERE random() < 0.9;
DELETE 899954

O6BeM I10CsIe OUHUCTKH:

=> VACUUM t;

VACUUM

=> SELECT pg_size pretty(pg_table_size('t'));

pg _size pretty

3. IIo/tHast OYHUCTKA 0O0JIBIIIOr0 KOJIHYECTBA CTPOK

3aHOBO HAIIOJHUM TaGJIUITY.

=> TRUNCATE t;

TRUNCATE TABLE

=> INSERT INTO t SELECT gen.id FROM generate_series(1,1_000_000) gen(id);
INSERT 0 1000000

Tekyiuii pasmep daiina JaHHBIX:

=> SELECT pg_size pretty(pg_table_size('t'));



pg size pretty

O6paTuTe BHUMAaHUe, UTO B IIPOILIBIN pa3 pasMep ObLT IIPUMEPHO B /iBa pasa 6osibIie. Bropas 11oioBUHA ObLIa 3aHSITa BEPCUSIMHU
CTPOK, KOTOpEIe co3fasia komaHga UPDATE.

O6GBEM TI0CIIE YAATIEHUS U IIOTHOM OUKCTKH:

=> DELETE FROM t WHERE random() < 0.9;

DELETE 899492

=> VACUUM FULL t;

VACUUM

=> SELECT pg_size_pretty(pg_table_size('t'));

pg _size pretty

3560 kB
(1 row)

06BeM yMeHbIIHUICST Ha 90%.



