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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLeHns KoMmnaHum
Postgres Professional. 3anpeuwjaeTcsi BHeCEHME U3MEHEHUI B MaTepuasibl
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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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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
OUHWIIaeT HeHY>KHbIe BepCHUH CTPOK B Tab/IUUHBIX CTpaHHLIaX
(mportyckasi CTpaHMLIbl, y>Ke OTMeueHHbIe B KapTe BUJUMOCTH)
OUHMIIaeT MHAEKCHbIE 3allMCH, CChI/IAI0IMeCd Ha OUMILeHHbIe BEPCHUK CTPOK
0CBOOOJK/IaeT yKa3areyiu
0OHOBJ/ISIET KapTy CBOOOHOTO MPOCTPAHCTBA
00HOB/IIET KapTy BUOAUMOCTH

BHYTpUCTpaHMUYHas 0YNCTKA BbINOJTHAETCS! ObICTPO, HO HE pPeLlaeT BCex
3aaa4. OHa paboTaeT To/bKO B Npeaenax o0fHon TabNnYHOM CTPaHULbl U He
3aTparvBaeT UHEKChI.

OuucTka, BbinonHAemasi komaHgon VACUUM, obpabaTtbiBaeT Tabnmuy
MOJIHOCTBIO, BK/IOYAsA BCe CO3[aHHble Ha Hell MHAEKCbI, 0CBOOOXAan MecTo
3a CYET yAa/leHnsi U HEHYXXHbIX BEPCUA CTPOK, N yKasartesen.

O6paboTka nponcxoauT B OOHOBOM pexnme, Tabnvua npyv aToM MOXeT
MCMo/b30BaTbCA 0ObIYHbIM 06PA30M U A1 YTEHUA, U OJ19 N3MEHEHUS
(oAHaKo 04HOBPEMEHHOE BbIMNOIHEHME O1A Tab/vLbl TakMux KOMaHpg, Kak
CREATE INDEX, ALTER TABLE u gp. 6yget HeEBO3MOXHO — nogpobHee
CM. MOAYNb «BTOKNPOBKN»).

3 Tabnnupbl YNTaloTCA TOMBKO Te CTPpaHuLbl, B KOTOPbLIX Npoucxoanna
Kakas-TO akTUBHOCTb. [1/19 9TOro ncnosb3yercs kapta BuanmocTu (visibility
map), B KOTOPOM OTMeYeHbl CTpaHuLbl, cogepalime To/IbKO A0CTaTOYHO
cTapble BepCUn CTPOK, KOTOpble rapaHTUPOBaHHO BUAMMbI BO BCEX CHMMKAaX.
O6pabarbiBalOTCA TO/IbKO CTPaHWLbl, HE OTMEYEHHbIE B KapTe, a cama
KapTa npu aToM 06HOBNSAETCS.

B npouecce pa6oTbl 06HOBMSIETCA 1 KapTa CBOGOAHOro npocTpaHcTea (free
space map), B KOTOPOIi OTpPaXaeTcsi Hasimume CBO6GOAHOrO MecTa
B CTpaHuLax.

https://postgrespro.ru/docs/postgresqgl/13/sgl-vacuum
https://postgrespro.ru/docs/postgresql/13/routine-vacuuming




10 OUNCTKN Pos{gres

ctid KoY

(0,2) | BAR

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

3B 8_ o

bt =20 o

EBELER

ESESZ>

8S®8C®25

£E8338¢
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 TPY CCbIIKM Ha Kadkayto 13 BEePCUiA 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
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

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

B npounTaHHbIX CTpaHMuax NpoLecc onpenenseTr HeHy)XXHble BEPCUM CTPOK
N 3anNncbiBaeT UX NAeHTUMKaTopbl B cneunanbHblii Maccus. [N aToro

B NOKasibHOM namsaTn npouecca VACUUM BbigensieTca doparmeHT
pa3Mepom maintenance_work_mem (WNn MeHbLle, ecnn Tabnnuya
Heb6obLas). 3Ha4yeHne 3Toro napamerpa rno ymonyaHuo — 64 Moairt.
OTMEeTUM, YTO 3Ta NaMATb BblAeNseTca cpasy B NO/IHOM 06beMe, a He Nno
Mepe Heo6Xo4MMOCTMW.



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 BblgeneHHast nog MaccuB NamMsaTh 3akaHuMBaeTCs (MM eCNN Mbl YXKe
[0 10 KOHLLA Tab/uLbl), BbINOIHSAETCS O4MCTKA NH/EKCOB.

ONa 3TOro Kaxobil N3 NHAEKCOB, CO3aHHbIX Ha Tabnuue, rno/iIHoCMmbH
CKaHUpyemcsi B rnonckKax 3anncemn, KoTopble CCblNarTcs Ha oumlaemble
Bepcun CTPOoK. HalaeHHble 3anmMcu ounwaroTcs U3 MHAEKCHbIX CTpaHul,
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3. Ounctka Tabnmuybl Posigres

ctid Koy -
oyuuieHa n rotoea
K NPOJOMKEHNIO
(0,3) BAZ |
// \\
| |
| |
| |
| |
1 1
| |
8 8 ) ‘\ /J
EscET 52 ettt -
€ Q0 E g Q 3 maintenance_work_mem
ESESZ>
8% © 28 &
£EE8T T
. EEEEOQO
cTaryc Xmin_ Xxmax X X X X € €  [aHHble
0,1) unused
0,2) unused
(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 06pas3om, ecsiv rnpu OUYNCTKE yaansieTcs Tak MHOToO BEPCUIA CTPOK, YTO
BCE OHW He NoMeLLaloTCAa B NaMsaTb pa3MepoM maintenance_work_mem,
BCe WHAEKCHI OyayT NO/THOCTLIO CKAHMPOBATLCA HECKOJIbKO pas.

Ha 60/1bwmnx Tabnuuax ato MoOXeT 3aHUMaTh CyLeCcTBEHHOE BpeMs

N co3aBarb CYLECTBEHHYHO Harpy3ky Ha cuctemy. Ytobbl yCKOpPUTb
npouecc, MMEET CMbIC/T IGO0 BbI3blBaTb OUMCTKY valle (YTOObl 3a KaXablii
pas ounLLLaNoCh He OYeHb 60/bLLIOE KOIMYECTBO BEPCUM CTPOK), IM6O
BblAENNTb 60/bLIE NaMSATHW.

B KoHLUe paboTbl OUNCTKM BbINOMHAETCA 3Tan yceyeHnsa tabnumubl. Ecnm

B KOHLe ¢haiinia 06pa3oBasiocb AOCTATOMHO MHOIO NYCThbIX CTPaHWUL, OHK
«OTKYCbIBAtOTCH» N 0CBOOOAMBLLEECHA MECTO BO3BpaLLaeTca onepaynoHHON
cucTeme. JT0 geicTemne TpebyeT YCTaHOBKN UCKHUNTENIbHOW GTIOKUPOBKN.
Ecnn 6noknposka Bbi3blBaET NPO6/eMbl, 3Tan yceyeHUss MOXHO OTK/THOUYNTb
napamMeTpomM XpaHeHus vacuum_truncate nnn asHo: VACUUM (TRUNCATE
off). Moapo6Hee cM. MoAyNb «B/TOKNPOBKM.



o)) PROFESSIONAL

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/0 U/IeHTU(UKATOPOB BEPCHM CTPOK, MOMEIAt0IIMXCS B MaMsITh,
Y TeKyllee YMC/I0 WAeHTH(HUKATOPOB B TIaMSITH

TeKyIas ¢a3a OUMCTKU

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

Ona atoro moxHo Bbi3biBaTb VACUUM c ykaszaHnem VERBOSE — Ha
KOHCO/1b ByAeT BbIBOAUTLCA NHPOPMaLUSA O XOA4€E BbIMO/IHEHUSA,

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/13/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)

T'opu30HT 623k JAHHEIX ONMPENEJISIETCS 3TUM CHUMKOM:
| => SELECT backend_xmin FROM pg_stat_activity WHERE pid = pg_backend_pid();

backend_ xmin

1204316
(1 row)

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
------- Rt e R e e
(0,1) | normal | 1204314 (c) | 1204315 (c) | | | (0,2)
(0,2) | normal | 1204315 (c) | 1204316 | | | (0,3)
(0,3) | normal | 1204316 | 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 e R TR R e
(0,1) | unused | | | | |

(0,2) | normal | 1204315 (c) | 1204316 (c) | | | (0,3)
(0,3) | normal | 1204316 (c) | @ (a) | | | (0,3)

(3 rows)

OuncTka ocBoOOOUIIa OOHY BEPCHUIO CTPOKY, a BTOpasi ocTanach 0e3 u3MeHeHUH, TaK Kak IlapajiieibHasi TPaH3aKIus 10 CUX
TI0p He 3aBepIleHa U ee CHUMOK aKTHUBEH.

B HHOEKCe — [Ba yKa3aTeJid Ha OCTaBIIueCs BEPCUHU:
=> SELECT * FROM t_id_v;

itemoffset | ctid

(2 rows)

MOKHO IIOIIPOCUTE OYKCTKY PACCKa3aTh O TOM, YTO IPOHUCXOOHUT:
=> VACUUM VERBOSE t;

INFO: vacuuming "public.t"

INFO: "t": found 0 removable, 2 nonremovable row versions in 1 out of 1 pages
DETAIL: 1 dead row versions cannot be removed yet, oldest xmin: 1204316
There were 1 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

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

VACUUM

O6paTnuTe BHUMaHUE:

e 2 nonremovable row versions,



e 1 dead row version cannot be removed yet,
e oldest xmin nmoka3rlBaeT TEKYIIUY TOPU3OHT.

Teneps 3aBepIIuM Napajjle/IbHyI0 TPaH3aKIIUIO ¥ CHOBA BHI30BEM OYHUCTKY.
| => commIT;

| commIT

=> VACUUM VERBOSE t;

INFO: vacuuming "public.t"

INFO: scanned index "t_id" to remove 1 row versions

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

INFO: "t": removed 1 row versions in 1 pages

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

INFO: index "t id" now contains 1 row versions in 2 pages

DETAIL: 1 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

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

INFO: "t": found 1 removable, 1 nonremovable row versions in 1 out of 1 pages
DETAIL: 0O dead row versions cannot be removed yet, oldest xmin: 1204317
There were 1 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

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

VACUUM

Tenepb B CTPaHHUIIE OCTaJIaChb TOJIBKO IIOCJIEAHAA aKTyaJlIbHasi BEPCUS CTPOKHU:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- B I L e e
(0,1) | unused | | | | |

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

(0,3) | normal | 1204316 (c) | 0 (a) | | | (0,3)

(3 rows)

B HHOEKCe TaKXKe TOJIBKO OOHa 3allHuCh:
=> 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 = 10 — 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_hit (ecnu cTpaHuua Hawnach B Kewe 1 nbo He
N3MeHUMach, MO0 yXxe Oblna rpsA3HoN); B XyALIeM crlyyae —
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/postgresqgl/13/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).
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AHanus Posy{gres

Brimonuserca npu VACUUM ANALYZE v ANALYZE

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

CobupaeT CTaTUCTUKY [I/1s1 TVITAHUPOBIIUKA

12

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
cton6éuam n T. n. bonee nogpo6bHoO 3TO paccmaTpmBaeTcs B kypce QPT.

BpyuHyto aHann3 BbinosHAeTcsa komaHgon ANALYZE (Tonbko aHanus) uim
VACUUM ANALYZE (1 ouncTka, u aHanms).

Kak 1 ¢ 06bIYHOMN 04YMNCTKOM, 06paboTKa NpomMcxXoanT B (hOHOBOM pexnme
N He MeLllaeT 06bIYHOMY NUCMNOMb30BaHWIO TabNUL, U MHAEKCOB.

https://postgrespro.ru/docs/postgresqgl/13/sgl-analyze




AHanus3

Co3pgapuM TabuIy ¢ GOIBIINM KOJTUYECTBO ONUHAKOBLIX CTPOK U IIPOUHIEKCUPYEM ee:

=> CREATE TABLE tt(s) AS SELECT 'FO0' FROM generate_series(1,1000000) AS g;

SELECT 1000000

=> CREATE INDEX ON tt(s);

CREATE INDEX

TI71aHUPOBIIUK HUYETO He 3HAET PO JaHHEIE U BHIGMPAET HHAEKCHBIA NOCTYII, XOTSI YUTATh IPUAETCS BCIO TaGIuiy:
=> 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)

IIpu aHanu3e cOGUPAETCsT CTATUCTUKA 10 CIIyYalHOU BEIGOPKE CTPOK:
=> ANALYZE VERBOSE tt;

INFO: analyzing "public.tt"
INFO: "tt": scanned 4425 of 4425 pages, containing 1000000 live rows and @ dead rows; 30000 rows in sample, 1000000 estimated total rows
ANALYZE

CraTucTtuka COXpaHsaeTCd B CHCTEMHOM KaTaJjiore. ITocne sToro IIJIAaHUPOBIUK 3HAET, YTO BO BCEX CTPOKaxX HAaXOOUTCA OOHO M TO Ke 3Ha4YeHue, U
IepecTaHeT HCIIO0JIb30BaTh MHOEKC:

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

QUERY PLAN
Seq Scan on tt
Filter: (s = 'FO0'::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
«OTKYCbIBAlOTCSA» M BO3BpALLAKOTCA OnepaLyoHHON cuctemMe.

Ecnn pasmep hainnos npesbilLaeT Hekne pasyMHble npenesnbl, MOXHO
BbIMOJTHATL MOJIHYHO OYUCTKY. [Npun 3TOM Tabnmua n Bce ee NHAEKCHI
nepecTpanBaloTCA NOIHOCTLIO C HY/SA, a laHHble YNaKkoBbIBAOTCSA
MaKkCuMasibHO KOMMaKTHO (pa3ymeeTcs, ¢ yyeTtoM fillfactor).

Mpu nepecTpolike PostgreSQL nocneagoatesibHO NepecTpavBaeT cHavana
TabnmMLy, a 3aTeM U Kax/blil U3 MHAEKCOB. /151 HUX CO3/al0Tcs HOBbIE
chalinbl, a ctapble ygansatoTtca. Cneayet yunTbiBaTh, YTO B npoLecce paboThl
Ha Aucke noTpebyeTcst A0No/HUTE/IbHOE MECTO.

MonHas ouncTKa He npeanonaraeT PerynspHoro UCnosib3oBaHus, Tak Kak
NO/THOCTLH G/10KMPYET BCAKYI0 paboTy ¢ Tabnuuen (Bknvasa 1 BbIMNOHEHNE
3arnpocoB K Heil) Ha BCce BpeMs CBoel paboTbl. Ha akTMBHO UCMO/1b3yeMOi
CUCTEME 3TO MOXET ObITb HENPUEMIEMbIM; B TAKOM C/lydae MOXET NOMOYb
pacwupeHue pg_repack (https://github.com/reorg/pg_repack), He BxoasLiee
B MOCTaBKY.




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 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 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/103107/103108 | base/103107/1603111
(1 row)

BrI3piBaeM IOJIHYIO OYUCTKY.
=> VACUUM FULL VERBOSE t;

INFO: vacuuming "public.t"

INFO: "t": found 0 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: 0.00 s.

VACUUM

Tabnuia u HHOEKC Telephb IIOJTHOCThIO IIEPEeCTPOEHEI:

=> SELECT * FROM t_v;

ctid | state | xmin | xmax | hhu | hot | t_ctid
------- L T L L L s T Ty Sy R
(0,1) | normal | 1204316 (c) | 0 (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/103107/103160 | base/103107/103163

(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/JIHOCTBIO MepeCcTpdrBadeT OT,Z[EHbeIﬁ HHOEeKC

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 OTAE/bHbIN MHAEKC Ha Tabnuue.
dakTnyeckn, VACUUM FULL n CLUSTER wncnonb3yloT 3Ty KOMmaHay Ansa
TOro, YTOObI NEPECTPOUTb UHAEKCHI.

KomaHga TRUNCATE norunyeckn paboTaet Tak xe, kak ¥ DELETE —
yaanseT Bce TabnnyHblie cTpokn. Ho DELETE, Kak ye 6b1/10 pacCMOTpPEHO,
nomeyvaeT BEPCUN CTPOK Kak yaasieHHble, YTO TpebyeT AasibHenlein
ouncTtkn. TRUNCATE e npocTo co34aeT HOBbIW, YACTbI doaiin. 3710
paboTaeT 6bICTpee, HO HaAo yunTbiBatb, YTO TRUNCATE 3abnokupyet
paboTy c Tabnmuein Ha Bce Bpems 0 KOHUA TpaH3akuuu.



o)) PROFESSIONAL

Toru Posigres

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 paboThbI
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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. Ypanure u3 60110l Tabmib 90% cTydaiHbIX CTPOK
Y TIPOBEPLTE, KaK U3MEHHU/ICS 00beM, KOTOPbI TabHIa
3aHUMaeT Ha JJUCKe, TIOCJIe BBITIOJTHEHHSI 00BIYHON OUMCTKH.

3. TloBropure m. 2 C NOJIHOW OYHUCTKOM.

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(1,1000000) 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

3anyckaeM O4YHCTKY. 3a0HO Yepe3 HeOoJIbIloe 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 | 153899

datid | 111833

datname | mvcec_vacuum

relid | 111834

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 "public.t"

INFO: scanned index "t id" to remove 174472 row versions
DETAIL: CPU: user: 0.13 s, system: 0.00 s, elapsed: 0.14 s
INFO: "t": removed 174472 row versions in 772 pages
DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
INFO: scanned index "t id" to remove 174472 row versions
DETAIL: CPU: user: 0.13 s, system: 0.00 s, elapsed: 0.13 s
INFO: "t": removed 174472 row versions in 772 pages
DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
INFO: scanned index "t_id" to remove 174472 row versions
DETAIL: CPU: user: 0.12 s, system: 0.00 s, elapsed: 0.12 s
INFO: "t": removed 174472 row versions in 772 pages
DETAIL: CPU: user: 0.01 s, system: 0.00 s, elapsed: 0.05 s
INFO: scanned index "t_id" to remove 174472 row versions
DETAIL: CPU: user: 0.13 s, system: 0.00 s, elapsed: 0.25 s
INFO: "t": removed 174472 row versions in 772 pages
DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
INFO: scanned index "t_id" to remove 174472 row versions
DETAIL: CPU: user: 0.11 s, system: 0.00 s, elapsed: 0.21 s
INFO: "t": removed 174472 row versions in 772 pages
DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
INFO: scanned index "t id" to remove 127640 row versions
DETAIL: CPU: user: 0.08 s, system: 0.00 s, elapsed: 0.09 s
INFO: "t": removed 127640 row versions in 565 pages
DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
INFO: index "t id" now contains 1000000 row versions in 5486 pages
DETAIL: 1000000 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.
CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

INFO: "t": found 1000000 removable, 1000000 nonremovable row versions in 8850 out of 8850 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 1259270
There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.89 s, system: 0.00 s, elapsed: 1.25 s.

VACUUM

BoccTaHOBUM 3HaueHUe U3MEHEHHOT0 [TapaMeTpa.
=> ALTER SYSTEM RESET maintenance_work_mem;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg reload conf

2. OgncTKa 00JILIIOr0o KOJIMYeCTBa CTPOK

Tekymwuii pasMmep (aiina faHHBIX:
=> SELECT pg_size pretty(pg_table_size('t'));

pg size pretty

Voamum 90% cny4adHBIX CTPOK. CIIy4aiiHOCTh BaXkHa, YTOOHI B KaXKIOM CTpPaHHUIle OCTAINCh KaKue-HuOynh HeynaJIeHHbIe
CTPOKHU — B IPOTHUBHOM CJIydYae OYMCTKA UMEET IITaHC YMEHbBIIUTh pa3Mep daiina.

=> DELETE FROM t WHERE random() < 0.9;
DELETE 900051

O6BeM ITOCTIe OYHUCTKHU:

=> VACUUM t;

VACUUM

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



pg size pretty

3. IToytHas1 OYUCTKA DOJILUIOr0 KOJIHYECTBa CTPOK

3aHOBO HAIIOJIHUM TabnuLy.

=> TRUNCATE t;

TRUNCATE TABLE

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

Texymuii pa3Mmep daiina faHHBIX:

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

pg size pretty

35 MB
(1 row)

O0OpaTuTe BHUMAHWE, YTO B IPOILIEIYA pa3 pa3Mep ObUI IPUMEPHO B ABa pa3a 6ombire. Bropas moioBuHa ObUla 3aHATA
BEPCUSIMU CTPOK, KOTOpHIe co3paiia KomaHga UPDATE.

O0BeM Iocnie yoajaeHus U IOMHOW OYNCTKU:

=> DELETE FROM t WHERE random() < 0.9;
DELETE 899973

=> VACUUM FULL t;

VACUUM

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

pg size pretty

3544 kB
(1 row)

O6bem ymenbmuics Ha 90%.



