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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

OObIuHast OUMCTKA M CXeMa ee PaboThl
PeryiupoBaHue Harpy3Ku
AHanus

ITomHast ourCTKa U aHAJIOTH
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OObIYHaAsA ouncTKa Posggres

Beinmonnsiercst komaHzorn VACUUM

He KOHCI)]'II/IKTYET C 0OBIYHOM aKTHBHOCTBIO B CUCTEME

OOpabatbiBaeT Tab/IHIy U BCe ee UH/EKCEI
OYMIIIAeT HEHY)KHbIE BEDCUH CTPOK B TaOTMYHBIX CTPAHUIIAX
(mportyckasi CTpaHMLIbl, y>Ke OTMeueHHbIe B KapTe BUJUMOCTH)
OYMIIIAeT UH/EKCHBIE 3aMMCH, CChITAIOIIMECS Ha OUMIIIEHHbIE BEPCUU CTPOK
0CBOOOXK/IaeT yKasaTesu
0OHOBJIsIET KapTy CBOOOJHOTO MPOCTPAHCTBA
OOHOBJISIET KApPTy BUJUMOCTH
BO3MO)KHA OT/ie/TbHAst OUMCTKA OCHOBHOM Tab/muibl 1 TOAST-yactu

BHYTpUCTpaHMUYHas 0YNCTKA BbINOJTHAETCS! ObICTPO, HO HE pPeLlaeT BCex
3aa4. OHa paboTaeT To/bKO B Npeaenax ofHon TabnnMYHOM CTPpaHULbI
M He 3aTparuBaeT UHAEKCHI.

OuuncTka, BbinosnHAemasi komaHgon VACUUM, obpabaTbiBaeT BClO Tabnuuy,
BK/1I0Yasi BCe CO3[aHHble Ha Hel nHAeKCbl. Mpy aToOM yaansaTca n
HEHY>XHble BEPCUMN CTPOK, M YKasareIn Ha HUX B Hayasie CTpaHuLbl.

Bo Bpems paboTbl 0UMCTKM Tabnmua MOXET UCMO/1b30BaTbCA 0ObIYHbIM

o6pasom 1 Ansa YTeHuns, n Ana n3MeHeHnsa gaHHbIX. Ho ogHOBpeMeHHoe
BbINnosiHeHne psaga komaHa (Hanpumep CREATE INDEX, ALTER TABLE
N HEKOTOPbIX ApYrux) 6yaer HEBO3MOXHO.

OuuncTtka nponyckaeT CTpaHuLbl TabNnLbl, B KOTOPbIX HET HEHYXHbIX
BEpPCUiA CTPOK. 1A 3TOro ncnosb3yetca kapta sugumocTu (visibility map),
e OTMeyarTCA CTpaHuubl, 3aBef0MO CoAepKaLlme TO/IbKO akTyasibHble
Bepcun. Cama Kapta npu aToM ToXXe 06HOB/SAETCA. EC/in HY)KHO, YTOObI
o4yncTKa obpaboTasia BCe CTpaHuubl, CeayeT BKIYMTL NapameTp
DISABLE_PAGE_SKIPPING.

B npouecce paboTbl 06HOBNAETCA Takxe M KapTa CBOGOAHOIo NpOCTpaHCTBa
(free space map), B KOTOPOW OTpaXKaeTcs Ha/mume cBo60AHOro MecTa
B CTpaHuuax.

MOXHO OUNCTUTb TO/IbKO OCHOBHYIO Tabnuuy, NCrnosnb3ys napamerp
PROCESS_MAIN (oH no ymon4yaHuio BKNOYEH) Unn Tosibko ee TOAST-
yacTtb (napametp PROCESS_TOAST, no ymon4yaHuio BbIK/THOYEH).

https://postgrespro.ru/docs/postgresqgl/16/sgl-vacuum
https://postgrespro.ru/docs/postgresql/16/routine-vacuuming




10 OUNCTKN Pos{gres

ctid KoY
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(0,3)| BAZ
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craryc Xmin - xmax ; § ; Eg 2 JaHHble
0,1) normal » 100 | 101 |t t 42,FOO
0,2) normal » 101 | 102 |t t 42,BAR
(0,3) normal » 102 t 42,BAZ

Ha pucyHke npvBeaeHa cuTyauus 10 O4MCTKU. B TabnnMuHOl cTpaHuLle Tpu
BEPCUM OJIHOW CTPOKMW. [lBE€ U3 HUX HeakTyaslbHbl, He BUAHbI HU B OIHOM
CHUMKE 1 MOTYT ObITb YAaneHbl.

B MHAEKCEe eCTb TPU CCbIIKW: Ha Kaxkayto U3 BepCuii CTPOKM.



1. CkaHMpoBaHue Tabnuubl  Posggres

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

MAEHTUChNKATOPbI
OuMILIAEMbIX BEPCUI

Lo °
D o o N ,
Eoc 2T o T -
é Q e g a 2 maintenance_work_mem
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8S®8C®25
311
craryc xmin xmax X X x = £ & JaHHble
(0,1) normal » 100 | 101 |t t 42,FOO
0,2) normal » 101 | 102 |t t 42,BAR
(0,3) normal » 102 t 42,BAZ

CHavana VACUUM BbINOSIHAET CKaHMpoBaHue Tabnuupl (nponyckas
Te CTpaHuULbl, KOTOPbIE MOMEYEeHbI B KapTe BUANMOCTN).

B npounTaHHbIX CTpaHuuax npouecc onpenenseTr HeHYXXHble BEpCUN CTPOK
N 3anucbiBaeT UX MAeHTUMKaTopbl B cneunanbHbli maccus. A aToro

B NnokKasibHOW namaTu npouecca VACUUM Bbiaensietca pparMmeHT
pasmepom maintenance_work_mem (W1 MeHbLUWIA, ECNN €ro 3aBeA0MO
Oynet [oCcTaTo4YHO). 3HaYeHVe 3TOro napamMmeTpa no yMosi4aHun —

64 M6aiiT. OTMETMM, UTO 3Ta NaMsATb BblAENSETCS cpasy B NO/IHOM 06beMe,
a He No Mepe HeoBXOANMOCTW.



2. OyncTKka nHaeKkcoB Pos{gres

ctid KoY

Tpebyetcs
NO/IHOe CKaHMpoBaHue
VHAeKca

(0,3) | BAZ

Lo °
D o o N ,
Eoc 2T o T -
é Q e g a 2 maintenance_work_mem
ESESZ>
8S®8C®25
311
craryc xmin xmax X X x = £ & JaHHble
(0,1) normal » 100 | 101 |t t 42,FOO
0,2) normal » 101 | 102 |t t 42,BAR
(0,3) normal » 102 t 42,BAZ

Korga BblgeneHHas nog MaccuB NamMsaTh 3aKaHuMBaeTCst (MU eCriv Mbl
yXXe [OLWAN [0 KOHLA Tab/uLbl), BbINOHSAETCS 04MCTKA UHAEKCOB.

ONa 3TOro Kaxobil N3 NHAEKCOB, CO3aHHbIX Ha Tabnuue, rno/iIHoCMmbH
CKaHUpyemcsi B rnonckKax 3anncemn, KoTopble CCblNarTcs Ha oumlaemble
Bepcun CTPOoK. HaraeHHble 3annMcu BblUMLWAKTCA U3 UHAEKCHbLIX CTpaHuL,

HaunHana ¢ PostgreSQL 14, ouncTka nponyckaeT ckaHMpoBaHWe NHAEKCOB,
€C/i1 3TO Mas103(pPeKkTMBHO (Koraa KosiM4yecTBO CTpaHuL,, CoaepXalLmnx
MepTBble CTPOKMU, He npesblwaeT 2% OT 06LLEero KoimyecTsa CTpaHuy,
Tabnunubl). Ho ecnn napametp INDEX CLEANUP BbicTaBneH B 3Ha4eHue

on, To VACUUM 6ynet 6e3yc/ioBHO yaasisiTb HEHY)XXHbIe 3an1cu n3
NHOEKCOB.
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3. Ounctka Tabnmuybl Posigres

ctid Koy -
oyuuieHa n rotoea
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0,1) unused
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(0,3) normal » 102 t 42,BAZ

Mocne aToro Heo6XoANMbIe TabNNUHbIE CTPaHULIbI MOBTOPHO YMTAKOTCS,
YTOObl OUNCTUTb B HUX HEHYXXHbIE BEPCUM CTPOK M OCBOGOAMTL yKasaTenu,
Ha KOTOpble 60/Iblle HET CCbIIOK U3 NHAEKCOB.

Ecnn Ha nepsom npoxoge Tabnuvua He bbl1a NpocKaHnpoBaHa NoIHOCTLIO,
VACUUM oumulaeT Mmaccus B NamMsTh U NPOA0/HKAET paboTy C 3TOW TOUKMW.

Takum o6pa3oM, ecnm Npu oUMCTKe yaansieTcst Tak MHOTO BEPCUiA CTPOK,

YTO UX MAEHTUPMKATOPbI HE NMOMELLLAKTCS B NaMsiTb pa3mMepoMm
maintenance_work_mem, Bce UHAEKCbl 6yayT NOMIHOCTbIO CKaHMPOBAaTLCS
HeCKo/bKo pa3. Ha 60/bLUMX Tabnuuax 3To MOXET 3aHMMaTb CyLLIECTBEHHOE
BpPEMS 1 3aMETHO HarpyXaTb cucteMy. B Takom criyyae MOXHO 6o
pacnpeaennTb Harpy3ky BO BpEMEHM, Bbi3blBasi OUMCTKY vallle (UToObI 3a
KaXXbliA pa3 ounLLLA/I0Ch He OYeHb 60MbLLIOE KONMMYECTBO BEPCUlA CTPOK),

NGO BblAEMNTL 60/bLUE NaMATU, YTOObI UCKNHUNTL MOBTOPHYIO 06paboTKy
NHOEKCOB.

B KOHUE O4YNCTKM BbINOSTHAETCA 3Tan yceyeHusa tabnvubl. Ecnn B camom
KOHUe (haiina 06pa3oBasiocb AOCTATOYHO MHOIO MYCTbIX CTPaHWUL, OHU
«OTKYCbIBAtOTCSA» N 0CBOOOAMBLLEECHA MECTO BO3BpaLLaeTcs onepaynoHHON
cucteme. D10 AeicTeBmne TpebyeT YCTaHOBKN UCKIHUNTENIbHOW GTOKUPOBKN.
Ecnn Takasa 6110KMpoBKa Bbi3blBAET MPO6G/IEMbI, 3TAN YCEYEHUA MOXHO
OTK/TIOUYNTL NapamMeTpoM XpaHeHusa vacuum_truncate nnn ssHo: VACUUM
(TRUNCATE off). Noapo6Hee cm. moaynb «BnoknpoBKn».
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MOHUTOPUHT Pos{gres

VACUUM VERBOSE
[TpencrapnieHue pg_stat_progress_vacuum

TIO/THBIM pa3mep TabiuLbl
YKCJIO TPOUNTAHHBIX CTPAHUL] ¥ UHUCJ/I0 OUMII[EHHBIX CTPAHHUI]
KOJTMYECTBO Y>Ke 3aBepILeHHbBIX LIUK/IOB OUMCTKH UH/IeKCOB

YKC/I0 U/IeHTU(HUKATOPOB BEPCHUM CTPOK, TTOMEILAFOIIXCs B TTaMSITh
¥ TeKyllee YUC/I0 UeHTU(PHUKATOPOB B MaMATH

TeKy1jasi pa3a OUUCTKU

Ecnun ouncTka BbINOMHAETCS A0T0, MOXET NoTpeboBaThCs y3HaTb Tekyllee
cocTosiHMe aen.

[Ana atoro moxHo Bbi3biBaTb VACUUM c ykaszaHnem VERBOSE —
Ha KOHCO/b ByAeT BbIBOAUTLCA MHJDOPMALMA O XOA4€e BbINOHEHUS.

Kpome TOro, ectb npegcrasfeHne pg_stat_progress_vacuum, KOTopoe
COLAEPXMUT BCIO MHGDOpMALMIO O BbIMO/THAKOLWENCS B AAaHHbIA MOMEHT
O4YnCTKE. X0 OUMUCTKN TabNuLbl MOXHO OTC/IEXMBATb, CPaBHMBAs YMC0
ounweHHbIx ctpaHuy, (heap_blks vacuumed) ¢ 06LWMM KONNYECTBOM
(heap_blks_total). Xog ouncTkn MHAEKCOB AeTasIbHO HE OTOOpaXxaeTcs,

HO OCHOBHOE BHMMaHue Hafo obpallaTb Ha KONIMYECTBO LIMK10B OUNCTKM
(index_vacuum_count) — 3HayeHue 60/blle 1 03Ha4YaeT, YTo NamsATy
maintenance_work_mem He XBaTu/o AN Toro, Ytobbl 3aBEPLUNTb OYUCTKY
3a OA1MH NMPOXO0A,

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




OOBbIYHasI OYHCTKaA

Co3mapuM Tabnuny U UHIEKC.

=> 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

Kak 00bI4HO, UCIIONIb3yeM pacUInpeHnue pageinspect:
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

A Takxe IpefcTaBleHue Os TaGIUYHOM CTPAHUIIE:

=> 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 npepncraBieHue Ol MHOEKCA:

=> CREATE VIEW t_id_v AS
SELECT itemoffset,
ctid
FROM bt_page_items('t_id',1);
CREATE VIEW
BcTaBuUM CTPOKY B TaGnuIly ¥ OOHOBUM ee:
=> INSERT INTO t VALUES (1);
INSERT 0 1
=> UPDATE t SET id = 2;
UPDATE 1

Temepb, 4TOGE e1lle pa3 HAITOMHUTE IIPO MTOHSATHE FTOPU30HTA, OTKPOEM B APYTOM CeaHCe TPAH3aKI[UIO C AKTUBHEIM CHUMKOM
MaHHBIX.

| => \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)

Topu30HT 6Ga3kl JAHHEIX OMPENesIsieTCs 3TUM CHUMKOM:
| => SELECT backend_xmin FROM pg_stat_activity WHERE pid = pg_backend_pid();

backend_ xmin

CHOBa 0OHOBHUM CTDOKY.

=> UPDATE t SET id = 3;

UPDATE 1

Ceituac B TabnuIle TPU BEPCUU CTPOKHU:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- L T e L L L L LT s eyt Ry Rp et SRy
(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)

BHIIOJTHUM Tenepb OYUCTKY.

=> VACUUM t;

VACUUM

Kak u3MeHHTCS TabNMUYHAS CTPAHUIA?

=> 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 ocBoOOOUIIa OOHY BEPCHUIO CTPOKY, a BTOpasi ocTanach 0e3 u3MeHeHUH, TaK Kak IlapajiieibHasi TPaH3aKIus 10 CUX
IIOp He 3aBepIlieHa U €ee CHUMOK aKTUBEH.

B HHOEKCe — [Ba yKa3aTeJid Ha OCTaBIIueCs BEPCUHU:

=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

MoKHO TONIPOCUTH OYHCTKY pacCcCkKa3aThb O TOM, YTO IIPOUCXOOHUT:

=> 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

O6paTuTe BHUMaHUE:

e tuples: 0 removed, 2 remain, 1 are dead but not yet removable,
e index scan not needed
e removable cutoff mokasrIBaeT TEKyIINUE TOPU3OHT

Tenepb 3aBEepPIIUM IIapalJIEJIbHYIO TPAH3aKIKWI0 U CHOBA BEI30OBEM OYUCTKY.
| => 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: 69.137 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

T'OpU30HT CABUHYJICS BIEPE U ITO3BOJIMJI OYKUCTKE yIAJIUTh MEPTBYIO CTPOKY — tuples: 1 removed. Teneps B cTpaHuiie
oCTaJiach TONLKO IIOCIIEOHSST aKTyaslbHAs BEPCUS CTPOKHU:

=> SELECT * FROM t_v;

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

(0,2) | unused | | I |

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

(3 rows)

B HWHOEKCe TaK¥Ke OCTalJlaCh TOJIBKO OOHA 3allUCh:
=> SELECT * FROM t_id_v;

itemoffset | ctid
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PerynupoBaHne Harpysku Posigres

[Tporjecc uepeayet paboTy U OXKuaHHe

MIPUMePHO vacuum_cost_limit yC/IOBHBIX eUHUL] paboTHl,
3aTeM 3achITiaeT Ha vacuum_cost_delay mc

Hactporiku

vacuum_cost_limit = 200
vacuum_cost_delay = 0 ms

CTOUMOCTH 06paboTKu:

vacuum_cost_page_hit = 1 — CTpaHMlia HallIach B Kellle
vacuum_cost_page_miss = 2 — CTpaHMLa NPOYMTAaHA C JUCKa
vacuum_cost_page_dirty = 20 — uKCTasi CTpaHULIA CTasa rpsi3HOM

10

[MOCKO/bKY NMPOLECC OYMCTKM MHTEHCUBHO paboTtaet ¢ Tabnuuamm

N NHAEKCaAMU, MOXET OKa3aTbCA HEOOXOAMMbIM pacnpeaenntb AencTBuUS

BO BPEMEHM M TEM CaMbIM CINaAnTb MUKW Harpy3ku. [ns aToro cyuiecTsyer
BO3MOXHOCTb BbIMO/THATb OYMCTKY NOpUMSMU, Yepeaysa paboTy 1 oxuaaHue.

Pasmep nopunn vacuum_cost_limit yka3biBaeTCs B YC/I0BHbIX eAnHnLax.
Tpu gpyrux napameTpa, ykasaHHbIX Ha criange, onpeaensitot CToOMMOCTb
06paboTKM OAHOWN CTpaHULbl B 3TUX eANHNLAX B 3aBUCMMOCTU OT
HEeo6X0AMMOCTN pasHbIX AENCTBUIA. B nydllem cnyvyae CToMMoOCTb Byaet
paBHa vacuum_cost_page_hit (ecnv cTpaHMua Hawiacb B Kele 1 nmbo

He M3MeHunach, IMb0o yxe Obl1a rpA3Hon); B XyaLem cnyvyae —
vacuum_cost_page_miss + vacuum_cost_page_dirty (ecnn ctpaHuua 6bblna
npoynTaHa c Ancka n U3MeHunnNachb B pesysibrare OUUCTKN).

HacTpoiika no ymonyaHuo haktnyeckn oTkioHaeT MexaHnsm
perynnpoBaHnsa Harpy3ku, Tak Kak BpeMsa OXxungaHus BbICTaB/1EHO B HOMb.
3TO caoenaHo u3 Tex CO0bpaXeHuin, YTo ecnu agMUHUCTPaTOPY NPULLIOCH
3anyckatb VACUUM BpyyYHyI0, OH, CKOpee BCero, XO4YEeT BbINMO/IHUTb OQYUCTKY
Kak MOXXHO bbICTpee.

https://postgrespro.ru/docs/postgresgl/16/runtime-config-resource#ZRUNTIM
E-CONFIG-RESOURCE-VACUUM-COST
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[lapannensHada o4yncTka Posigres

CKaHMpOBaHHE ¥ OUMCTKA TabMHITbI — TI0C/Ie/[OBATe/TbHO

OumncTKa HMHAEKCOB MOYKET BBIITOJIHATHCA I1dpadJl/Ie/IbHO

KaX/[bI UHJIEKC — TOJIbKO OJHUM pPabourM MpoLieccom
pa3Mep UHjieKca Jo/DKeH TpeBblillaTh min_parallel_index_scan_size

KOJIMUeCTBO TPOLIeCCOB orpaHuueHo max_parallel_maintenance_workers
Y, eC/I1 yKa3aHo, 3HaueHrneM VACUUM (PARALLEL n)

11

3Tanbl CKAHMPOBAHWS U OYNCTKN TabMLbl BCErAa BbIMOMHAOTCS
nocneaoBaTeslbHO OAHUM MPOLIECCOM.

JT1an o4YNCTKN NHOEKCOB MOXET BbINO/HATLCSA B Napasi/ie/ibHOM pexume.
D10 nponcxoauT, ecnn Ha Tabnuue co3gaHo HecKobKo (60/1blle 04HOrO)
[0CTaTO4YHO 60MbLINX MHOEKCOB: pa3Mep NHAeKca AO/HKEH NpeBbIWaTh
3HaveHune napametpa min_parallel_index_scan_size (512 K6aint no
yMosi4aHuio). Torga Ansa Kaxaoro noaxoAawero nHAekca 3anyckaeTcs
oTAEeNbHbIN pabounin npouecc.

Kaxapln nHaekc obpabaTbiBaeTcsl TOIbKO OAHUM paboymm npoLeccom,
TO €CTb HECKOJ/IbKO MPOLLECCOB HE MOTYT OuuLLLaTb OANH U TOT Xe UHAOEKC.

KonmuecTBo npoueccoB orpaHNYeHo CBepXy 3Ha4YeHneM napamerpa
max_parallel_maintenance_workers n MOXeT ObITb AOMNO/IHATE/TLHO

OorpaHnyeHo siIBHbIM yKa3aHueM CTeneHn napassienuima rnpu BblzoBe
komaHabl VACUUM (PARALLEL n).



AHan3 Posigres

Brimonuserca npu VACUUM ANALYZE v ANALYZE

He KOHCI)]'II/IKTYET C 0OBIYHOM aKTHBHOCTBIO B CUCTEME

CobupaeT CTaTUCTUKY [I/1s1 TVITAHUPOBIIUKA
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Ewle ogHa 3agaya, KOTOpPYH 006bIYHO COBMELLAOT C OYUCTKON, — aHanns,
TO ecTb CO60p CTaTUCTUYECKON MHpOpMaLMK 1A NaHUPOBLLMKa 3arpOoCoB.
AHanM3npyeTca Yncno CTPOK B Tabnuue, pacnpegeneHme gaHHbIX no
ctonéuam n 1. n. NMNoapobHO cb6op CTAaTUCTUKM paccMaTpuBaeTcs B Kypce
QPT «OnTmMmn3ayma 3anpocos» .

BpyuHyto aHann3 BbinonHAeTcsa komaHaoin ANALYZE (Tonbko aHanma)
nnn VACUUM ANALYZE (n ouncTtka, n aHasns).

Kak 1 B c/lyyae o4mcTku, 06paboTka nponcxogmTt B OHOBOM pexnme
N He MeLlaeT 06bIYHOMY UCMO/Ib30BaHUIO Tabnny, U MHOEKCOB.

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




AHanu3

Co3panuM Tabiaully ¢ 60JIBIINM KOJINYeCTBOM ONMHAKOBBIX CTPOK U IPOMHMIEKCUPYEM 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

IInaHUPOBIIUK HUYETro He 3HAeT IIPO [aHHbIe U BEIOMpaeT UHAEKCHBIN NOCTYII, XOTS YUTaTh IPUAETCS BCIO TaOIUIy:
=> 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 aHanu3e cOGUPAETCs CTAaTUCTUKA 110 CIyYaiHO# BEHIGOPKE 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

CraTuctuka COXpaHsdaeTCsa B CHCTEMHOM KaTaJiore. ITocne aToro IIJITAaHUPOBIIKUK 3HAET, YTO BO BCEX CTPOKaX HAaXOOUTCA OOHO
U TO XK€ 3Ha4YeHHue, U repecTaeT UCIIOJIb30BaTh UHIOEKC:

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

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



o)) PROFESSIONAL

[TonHaga o4yncTka Posigres

Beimonnsiercst komanzor VACUUM FULL

He COBME€CTHMd HU C KAKMMH OIlepdliyusaAMHK Ha/l Ta6]'[HL[EI>i, BK/IKOUas UTeHHe

[TonHOCTBIO TIEpecTparBaeT TaO/IMIy U BCe ee UH/EKChI

ripu paboTe noTpebyeTcs JOMOIHUTE/ILHOe MeCTO /1/isl HOBBIX (aiiyioB
0CBOOOJKAEHHOe MeCTO BO3BpAILlaeTCsl OTepaLOHHON CUCTeMe
BBIMOJTHAETCS 10JTbIe, YeM OOBbIYHAsI OUMCTKA
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O6blYHasA ouncTKa He pellaeT BCex 3a4a4y No ocBOOOXAEHUIO MecTa.

Ecnv Tabnuua nnv nHAeKc CUNbHO BbIPOC/IN B pasMepax, TO O4YUCTKa He
NpvBeneT K COKpaLLeHWIo yncna cTpanumy (U K yMeHbLUeHNIO doainnos).
BmecTo 3TOro BHyTpU CYLLECTBYHOLMX CTPAHUL, NOABATCH «AbIPbl», KOTOPbIE
MOTYT ObITb UCMO/b30BaHbI A1 BCTABKN HOBbIX CTPOK WU/ N3MEHEHNS
CyLlecTByOLWUNX. EAMHCTBEHHOE UCK/TI0YEHME COCTaBAAKT NOIHOCTLIO
OUULLIEHHbIE CTPaHULLbl, HAXOAALLMECH B KOHLE (haiiia — Takme cTpaHuupl
«OTKYCbIBAlOTCHA» M 0CBOOOAMBLUEECA MECTO BO3BpALLAETCA onepaunoHHOM
cucTeme.

Ecnn pasmep hannos npesbiIaeT Hekne pasyMHble npesesbl, MOXHO
BbIMOJIHATL MOJTHYHO OYUCTKY. [Npun 3TOM Tabnmua n Bce ee NHAEKCHI
nepecTpanBaroTCs NOMHOCTLIO C HY/ISA, a AaHHble YNaKoBbIBAKOTCS
MakCuMasibHO KOMMakKTHO (pa3ymeeTcs, ¢ yyeTtoM fillfactor).

Mpu nepecTpolike PostgreSQL nocnegoeatesnibHO NepecTpanBaeT CHavyana
Tabnuuy, a 3atem 1 Kaxaplih U3 MHAEKCOB. [1NA HMX CO34at0TCA HOBblE
dhaiinbl, a ctapble yganstortcs. CrefyeT yumTbiBaTb, UTO B Npouecce paboTbl
Ha gucKe noTpebdyeTcs A0MNOMHUTENNbHOE MECTO.

MonHasa o4ncTKa He npeanosnaraet perynsapHoro NCnosib30BaHns, Tak Kak
MOMHOCTbLIO G/1I0KMPYET BCAKYHO paboTy ¢ Tabnuuein (BknoYas 1 BbINOIHEHME
3anpocoB K Heil) Ha Bce BpeMs cBoeil paboTbl. Ha akTMBHO UCMO/b3yeMOl
CUCTEME 3TO MOXET ObITb HEMPUEM/IEMbIM; B TAKOM C/ly4yae MOXET NMOMOYb
pacwmpeHne pg_repack (https://github.com/reorg/pg_repack), He Bxogsliee
B NOCTaBKYy.




J10 NONHOM OUYNCTKN Posggres

ctid KoY
(0,2) | BAR
(0,3) | BAZ
0,1) FOO
B E_ o
bt =20 o
EBELER
ESESZ>
883826
311
craryc xmin xmax X X x = £ & JaHHble
0,1) 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 prcyHke npuBefeHa cuTyauust A0 NosIHOM oUnCTKX. B TabnunyHoi

CTpaHuLie TPV BEPCUUN OAHOI CTPOKK. [IBE N3 HNX HeaKTyaslbHbl, He BUAHbI
HW B OZIHOM CHUMKE 1 MOTYT ObITb YAaseHbl.

B MHAEKCEe eCTb TPY CCbIIKM Ha Kadkayto 13 BEePCUiA CTPOKM.



[Toc/ie No/IHOWM OYUCTKN Posigres

ctid K/toY
(0,1) BAZ
B E_ o
bt =20 o
EBELER
ESESZ>
8S®8C®25
£EEERg
craryc xmin xmax X X x = £ & JaHHble
(0,2) normal » 102 t 42 BAZ
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[Mocne BbINOSTHEHMS MO/IHON OYNCTKU CoAepXnmoe Tabnmupbl N nHAeKca
MOJTHOCTBIO MEPECTPOEHO N (PU3NYECKM HAXoAUTCA B Apyrux charnax.
Mpn atom OID Tabnunuybl B CUCTEMHOM KaTtasiore coxpaHsaeTcs.



TTomrHast OYHUCTKA

®Qaiinel, 3aHUMaeMble TaOIuIed U HHIEeKCOM:
=> SELECT pg_relation_filepath('t'), pg_relation_filepath('t_id');

pg relation filepath | pg relation filepath
______________________ e e e e e e maccmcc-oaa

base/16390/16391 | base/16390/16394
(1 row)

BrI3piBaeM IOJIHYIO OYUCTKY.
=> VACUUM FULL VERBOSE t;

INFO: vacuuming "public.t"

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

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

VACUUM

Tabnuia u HHOEKC Telephb IIOJTHOCThIO IIEPEeCTPOEHEI:

=> 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

HMMmeHa daiiioB TOMEHSINUCD:
=> SELECT pg_relation_filepath('t'), pg_relation_filepath('t_id');

pg relation filepath | pg relation filepath
______________________ de e e e e e e e e
base/16390/16455 | base/16390/16458

(1 row)



o)) PROFESSIONAL

AHa10r NOJIHOW OYUCTKU Posigres

CLUSTER

TIOTHOCTBIO TlepecTparBaeT TabUIy U BCe ee UH/EKChI

JIOTIO/THHATE/TEHO (U3UUEeCKH YTIOpsij0urBaeT BePCUU CTPOK
B COOTBETCTBUM C OIHUM U3 UH/I€KCOB

REINDEX

IIO/IHOCTBIO IepeCcTpdrBaeT MHAEKChI

TRUNCATE

«OTyCTOLlIaeT» Tabnuily

OcobeHHOCTH

BCe KOMaH/IbI TTOJTHOCTBIO OJIOKUPYIOT paboTy ¢ Tabswmiiei
BCe KOMaH/IbI CO3/]at0T HOBbIE (hali/Ibl fi/Ist JAaHHBIX
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ECTb HECKO/IbKO KOMaH[, KOTopble paboTatoT, UCMO/b3Ys CXOXNIA MEXAHU3M.
Bce oHM NONHOCTLIO 610KUPYIOT paboTy ¢ Tabnuuen, Bce OHN yaansawoT
cTapble hannbl AaHHbIX U CO30al0T HOBbLIE.

KomaHga CLUSTER Bo Bcem aHanornyHa VACUUM FULL, Ho
OOMONMHUTENBHO (PU3NYECKN YNOPSAA0UMBAET BEPCUM CTPOK B COOTBETCTBUN
C O4HMM M3 NHAEKCOB. DTO AaeT NJaHNPOBLLMKY BO3MOXHOCTb 6osiee
3(PeKTMBHO UCNONb30BaTb UHAEKCHBIA AOCTYN B HEKOTOPbLIX C/yYasix.
OpfHako Hafo NoHMMaTb, YTO KnacTepmsaunsa He NoAaepPXXMBaeTca: npu
nocnenyrowmx N3MeHeHUAX Tabnmubl U3NYECKUIA NOPSLOK BEPCUIN CTPOK
OyaeT HapyLluaTbCs.

KomaHga REINDEX nepectpamBaeT MHOEKCHI, HE Tporas npu aTom Tabnuuy.
dakTnyeckn, VACUUM FULL ncnonb3yeTt 3Ty KOMaHA4y AN nepecTpoeHus
nHaekcos. MNpn aToM yntatb Tabnuuy hopmasnbHO He 3anpeLLaeTcs, 04HAaKo
N1IaHNPOBLLVK NOMbITAETCA NOMYYMUTb B/TOKMPOBKY NepecTpansaemMoro
nHaekca, 4Tobbl PaCCMOTPETL BCE MJ1aHbl, 1 40 OKOHYaHUA paboThl
KoMaHgbl npountarb Tabnuuy dgaktnyeckn He ygactcsa. BapmaHT REINDEX
CONCURRENTLY pa6otaeT pfosblle, HO He BN10KMPYET UHOEKC N He
MeLlaeT YTEHUIO U OOHOB/IEHUIO [AAHHbIX.

Komanga TRUNCATE norunyeckn paboTaet Tak xe, kak ¥ DELETE —
ypanset Bce t1abnuyHbie cTpokn. Ho DELETE, kak y»e 6b1/10 pacCMOTPEHO,
nomeyaeT BEPCUN CTPOK Kak yaasieHHble, YTO TpebyeT AasibHenlein
ouncTtkn. TRUNCATE e npocTo co34aeT HOBbIW, YACTbI doaiin. 310
paboTaeT 6bICTpee, HO Hafo yunTbiBaTb, HTO TRUNCATE 3a6nokupyet
paboTy ¢ Tabnmueil Ha Bce BpeMs [0 KOHLA TpaH3aKLuuun.



ITormn Pogga’??é

OObIuHasi OUMCTKA OCBOOOKJAaeT MeCTO B CTpaHHI[aX

BBITIO/THAETCA B q)OHOBOM pexxume
MOXXeT HOTPE6OB8TBCH HECKOJIBKO pa3 CKAHMPOBATh MHAEKChI

AHanu3 cobupaeT CTaTUCTUKY AJis TIFIaHUPOBILHKA

BBITIO/THAETCSA B (I)OHOBOM pexxume
MOYKHO COBMECTHUTE C OUMCTKOM

[TostHast OUMCTKA TIepecTpavBaeT Tab/INIly ¥ UH/IEKChI

6nokupyeT paboTy c TabsuIieil Ha BCe BpeMsI BBITTOJTHEHHUST

19



o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiite 60/bIy 0 TabMMITY C MHAEKCOM. BpeMeHHO
YMEHBIIIUTE 3HaUeHWe maintenance_work_mem Tak, 4TOObI
noTpe6oBaIoCh HECKOIBKO MPOXO/I0B /ISt OUMCTKH WHAEKCA.
[IpokoHTpOIMpYUTE, 3anyckas VACUUM VERBOSE.

2. ¥Ypanute u3 60nb10# Tabmuib 90% ciiydyaiHbIX CTPOK
Y MIpOBepbTe, KaK M3MeHu/ICs 00beM, KOTopbii Tabnuiia
3aHMMaeT Ha JUCKe, TOC/Ie BbITIOJHEHUsS] 0ObIYHONM OUMCTKHU.

3. TloBTOopuTe M. 2 C TIOJIHOW OYMCTKOM.

20

1. YTOObI UCK/MIOUNTL cpabaTtbiBaHMe aBTOMAaTUYEeCKO OUNCTKM
(paccmaTpuBaeTcs B cnefyolen Teme), Npy co3gaHnm Tabnuubl yKaxumte
napameTp XpaHeHunsa autovacuum_enabled:

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



1. CKaHHpOBaHHE UHAEKCOB IIPH OYHUCTKE

Co3pmagum Tabnuily ¢ DaHHBIMU U MHOEKC. [TapameTp autovacuum enabled Briki0ueH, 4TOOH He cpabGaThIBala
aBTOMATHUYECKasi OUYMCTKA.

=> 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

YMeHbIIaeM pa3Mep [IaMsTH, BEIIEITeMO 101 MacCHB UNEeHTH(GUKATOPOB:

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

ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

OGHOBIISIEM BCE CTPOKU:

=> UPDATE t SET id = id + 1;

UPDATE 1000000

3amyckaeM o4HCTKYy. Yepes HeOoJIbIIOe BpeMsi B [PyTOM ceaHce obpaTuMcs 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 ]------ R T
pid | 111910

datid | 16390

datname | mvcec_vacuum

relid | 16391

phase | vacuuming indexes
heap blks total | 8850

heap blks scanned | 1544

heap blks vacuumed | 771

index vacuum_count | 1

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: 0.036 MB/s

buffer usage: 55073 hits, 0 misses, 6 dirtied

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

system usage: CPU: user: 0.97 s, system: 0.01 s, elapsed: 1.29 s

VACUUM

BoccTaHOBUM 3HaueHNe U3MEHEHHOI O IlapaMeTpa.
=> ALTER SYSTEM RESET maintenance_work_mem;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

2. OgncTKa 00JIBIIOro KOJIHYeCTBa CTPOK

Texymuii pa3Mep datina faHHBIX:
=> SELECT pg_size_pretty(pg_table_size('t'));

pg size pretty

Yoanum 90% ciaydadHBEIX CTPOK. CNTy4aifHOCTh BajKHA, YTOOBI B KaXKIOM CTPaHUIlE OCTAIUCh KaKue-HUOYAb HeyoalleHHEIE
CTPOKHU — B MMPOTHUBHOM CJIydYae OYMCTKA UMeeT IITaHC YMEeHbBIIUTh pa3mep daiina.

=> DELETE FROM t WHERE random() < 0.9;
DELETE 900454

O6BeM IIOCTIe OYUCTKHU:

=> VACUUM t;

VACUUM

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

pg size pretty

3. IToyTHas1 OYUCTKA DOJIHIIOT0 KOJIHYECTBAa CTPOK

3aHOBO HAIOJIHUM TabnuIly.

=> TRUNCATE t;

TRUNCATE TABLE

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

Texymuii pa3Mmep datina faHHBIX:

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



pg size pretty

O0OpaTuTe BHUMAHWE, YTO B IPOILIEIYA pa3 pa3Mep ObUI IPUMEPHO B ABa pa3a 6ombire. Bropas moioBuHa ObUta 3aHATA
BEPCUSIMU CTPOK, KOTOpHIe co3naiia KomaHga UPDATE.

O0BeM Iocnie yoajieHus U IOMHOW OYNCTKU:

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

DELETE 899849

=> VACUUM FULL t;

VACUUM

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

pg size pretty

3552 kB
(1 row)

O6bem ymenbmuics Ha 90%.



