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OuucTKa Bepcuii CTPOK U aHa/Iu3 Tabu]

3amMopo3Ka BepCUM CTPOK



OuncTKa U aHan3 Wz

Kaxk ycTpoeH rporiecc OUruCTKr
AHnanu3 Tabmmij

IlonmHas ouncTKka
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OuuncTka Posygres

BrinonHsieTcss komanaor VACUUM
OuMIljaeT HeHY)KHbIe BeDCHU CTPOK B Tab/IMUHBIX CTPaHHULIAX
(TIportyckasi CTpaHML{bl, y>Ke OTMeueHHbIe B KapTe BUIMMOCTH)
OUMILjaeT MHZEKCHbIe 3allMCH, CChITAIOIHecs: Ha OUHMIL{eHHbIe BeDCUM CTPOK
0OHOB/IsIeT KapThl BUAMMOCTH U CBOOOAHOTO IIPOCTPAHCTBA

OO6bIuHO paboTaeT B aBTOMaTUUeCKOM PeKHUMe

yacTtoTa 00pabOTKM 3aBUCUT OT MHTEHCUBHOCTH U3MEeHeHHUH B Tabuie
riporjecckl autovacuum launcher u autovacuum worker

Kak Mbl y)ke 3Haem, npu peannsaumm MHOrOBEPCUOHHOCTN B Tabnuuax
HakanMBalTCs UCTOPUYECKME BEPCUM CTPOK, a B UHAEKCAX — CCbISIKM
Ha Takne ncrtopunyeckmne sepcuun. Korga Bepcust CTPOKU yXoA4MT 3@ FOPU30OHT
6a3bl JaHHbIX, ee MOXHO yaasinTb, 0CBOGOXAasa MecTo AN1A APYrMX BEPCUiA.

OuucTka, BbinosnHAemas komaHgon VACUUM, obpabaTbiBaeT BCO Tabnuy,
BK/IHOYasi BCe CO3[aHHbIe Ha Hel nHaekcbl. Mpy aToM yaansaTes 1
HEHYXXHbl€ BEPCUWN CTPOK, U YKa3aTeNn Ha HUX B Havasle CTpaHuubl.

OObIYHO OUMCTKA 3anyCcKaeTCsa He BPY4HYH0, a paboTaeT B aBTOMaTMyYeCkom
pexXnmMe, yumTbiBas pakTMyeckoe KONM4YecTBO U3MeHeHui B Tabnmue. Yem
aKTUBHEE N3MEHSIOTCA, 06ABASAOTCA 1 YAANAKTCA CTPOKKU, TEM vallle
aBTOOYMCTKa obpabarbiBaeT TabNULy 1 ee NHOEKCHI.

[Mpn BKIHOYEHHOW aBTOOUMCTKE B CUCTEME BCerga npucyTCcTByeT npouecc
autovacuum launcher, KoTopbIil 3aHMMaETCA NIaHNPOBaHNEM PabOoThI
npoLieccos autovacuum worker, HenocpeACcTBEHHO BbINOSTHAKLLNX OUUCTKY.
HeckonbKo ak3eMnAspoB Taknx paboumx NpoLeccoB MOryT AeincTBOBaTb
napannensHo.

BaxkHO, 4TOObI NpOLLeCC aBTOOUNCTKM Obl/1 NPaBU/IbHO HACTPOEH. Kak 3To
Aenaetcs, paccmartpuBaeTtcs B Kypce DBA2 «AAMUHUCTpUpOBaHne
PostgreSQL. HacTpoika 1 MOHUTOPUHI». ECn aBTOOUMCTKA He ByaeT
cpabaTbiBaTb BOBpeMsA, Tabnnubl 6yayT paspactarbca B pasMmepax. Takke
BaXXHO, UTOObI B cuctemMe ¢ OLTP-Harpy3koii He 6b1110 ANIMHHBIX TPaH3aKLU MW,
NogoNTy yAaepXnusaroLwmx ropn3oHT 6asbl JaHHbIX Y MeLlatoLWmnX OYNCTKE.

https://postgrespro.ru/docs/postgresagl/16/sql-vacuum
https://postgrespro.ru/docs/postgresqgl/16/routine-vacuuming
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[Mpumep

0.1)
0.2)
(0.3)

PaccmoTpum npumep.

ctid KTy

(0,2) | BAR

(0,3) BAZ

(0,1) FOO
xmin xmax [laHHble
100 ., 101 ,,  42,FOO
101 ,,| 102 |  42BAR
102 ,| 0 5  42BAZ
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Posygres

Ha pucyHke npuBeeHa cuTyauus 0 O4MCTKN. B TabmMuHo cTpaHmue Tpu
BEPCUMN OAHOWN CTPOKU. [IBE N3 HUX HEeAKTYyaslbHbl, HE BUAHbLI H/A B OAHOM
CHUMKE 1 MOTYT 6bITb YAa/IEHBI.

B MHAEKCEe eCTb TPU CCbISIKU: HA KaXAY0 U3 BEPCUIA CTPOKN.
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da3a OUNCTKN NHOEKCOB Posigres

ctid K/Tou
TpebyeTcs MoTHoe
CKaHHPOBAHHE BCEX WH/IEKCOB,
(0,3) | BAZ
CO3JJaHHBIX Ha TabsuIe
xmin Xxmax [aHHble
(0,2) 100 101 42,FOO
(0,2) 101 ,,| 102 ,,|  42BAR
0,3) 102 ,| 0 |  42BAZ

OuncTtka obpabaTbiBaeT faHHble NoCTpaHUYHO. Tabnuua npy 3TOM MOXeT
MCNOJIb30BaTbCA 0ObIYHBIM 06PA30M U AJ15 YTEHUSA, U OJ19 U3SMEHEHMS
(o4HaKo o4HOBPEMEHHOE BbINO/HEHME A1 TabNunupbl TakKUX KOMaHA, Kak
CREATE INDEX, ALTER TABLE v gp. 6yaet HEBO3MOXHO — nogpobHee
CM. TeMy «BNOKNMPOBKN»).

CHauana Tabnuua ckaHupyeTcsl B nomckax Bepculi CTPOK, KOTOPbIe MOXHO
OUMCTUTB. N5 3TOro (C NOMOLLbIO KapTbl BUAMMOCTMN) YNTAKOTCS TOSbKO TE
CTPaHuLibl, B KOTOPbIX ECTb HeakTyaslbHble (MepPTBbIE) BEPCUM CTPOK.
NaeHTUGIUKATOPbI OUMLLL@EMbIX CTPOK 3aNOMUHAKTCS B ONepaTuBHOIA
namsTu.

3aTeM HaumHaeTcs ha3a OUNCTKN UHAEKCOB. KaxobIli U3 NHAEKCOB,
CO3[1aHHbIX Ha Tabnuue, Mo/THOCMbHK CKaHUPYemcs B NOVCKax 3anuce,
KOTOpble CCbIIATCA Ha O4ULLL@aeMble BEPCUM CTPOK (3TO eLle OAMH NOBO/,
He co3faBaTh INLLIHUX UHAEKCOB!). HalileHHble MHAEKCHbIE 3anucu
ouuLialoTcs. ATy hasy MOryT BbINO/HATb HECKO/IbKO (DOHOBBIX NPOLIECCOB
napaninenbHo, No OHOMY MPOLIECCY HA KaXAbI NHAEKC.

Mocne 370 pasbl B MHAEKCE YK€ HET CCbI/IOK Ha ycTapeBLUne Bepcum
CTPOK, HO cCamy BEpPCUM CTPOK ellle MPUCYTCTBYIOT B TabnuLe.
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dasza 0YMCTKN Tabnumubl Pos{gres

ctid KTy
npu 6oJIBIIOM 00beMe
OUHIIAEMBIX JJAHHBIX
(03) | BAZ M A
noTpeOyeTcs [IOBTOPUTH
BECh IPOLIECC HECKOJIBKO pa3
xmin Xxmax AaHHble
(0.1)
(0,2)
0,3) 102 ) 0 g 42,BAZ

3arem BbINoHAETCA dha3a ouNCTKM Tabnuupl. Ha aton hase tabnuya
CHOBa CKaHMpyeTCcs, U U3 Hee BblYMLAKTCA BEPCUM CTPOK C 3aMOMHEHHbIMU
paHee naeHTugrkatopamm. HecMoTps Ha TO, YTO UHAEKCHI Ha NpeablayLLel
dhaze MoryT ounLaTbCcs NapasiiesibHo, NPU O4YNCTKe caMoi Tabnmubl
napasinienn3mMa HeT: oHa o4ynLLaeTcs ogHUM (BeayLLnMM) NpoLeCccoM.

Mocne aToi dpasbl ycTapeBLUMX BEPCUIN CTPOK HET HM B MHAEKCAX,
HW1 B Tabnuue.

3amMeTuM, YTO hasbl OUNCTKN NHAEKCOB 1 TabAnubl MOryT NOOYEPEAHO
BbIMO/THATLCA HECKO/IbKO pa3, eC/iv He XBaTaeT NamsaTu A1 Toro 4YTtobsbl
cpasy 3anoMHUTb BCe MAEHTU(UKATOPbLI OYMLLL@EMbIX CTPOK. Takom
cuTyauum ctaparoTcs nsberatb NpaBUIbHOW HACTPOMKOW aBTOOUMCTKMN.

B npouecce ouncTkn TabnunLbl 06HOBNAKOTCSA U KapTa BUANUMOCTM (€C/n Ha
CTpaHuLie He ocTaeTcsl HeakTyaslbHbIX BEPCUIA CTPOK), 1 KapTa CBO6OAHOIO
NPOCTPaHCTBA, B KOTOPOW OTpaXaeTcss Hannune cBob60aHOro Mecta

B CTPaHULax.



OumncTKa

=> CREATE DATABASE arch_vacuum;

CREATE DATABASE

=> \c arch_vacuum

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

Co3paguM Tab/IUITy U 3allpeTHUM I Hee aBTOMAaTUYeCKY0 0YHUCTKY (YTOGH! YIIPaB/IsATh MOMEHTOM cpabaThIBaHU).

=> CREATE TABLE t(
id integer PRIMARY KEY GENERATED BY DEFAULT AS IDENTITY
) WITH (autovacuum_enabled = off);

CREATE TABLE
BcTaBUM B TaGJIHIy HEKOTOPOE KOJIMUYECTBO CTPOK U Y3HAEM Pa3Mep ee OCHOBHOTO CJIOS:

=> INSERT INTO t
SELECT n
FROM generate_series(1,1000) as s(n);

INSERT 0 1000
=> SELECT pg_size_pretty(pg_relation_size('t', 'main'));

pg _size pretty

TeIeps, UTOGHI eI1le pa3 HAIIOMHUTS IIPO ITOHSTHE TOPU30HTA, OTKPOEM B IPYTOM CeaHCe TPAH3AKIMIO C AKTHBHBIM CHIMKOM
TAHHBIX.

| => \c arch_vacuum

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

| BEGIN

| => SELECT 1; -- nwboii 3anpoc CTPOMT CHUMOK

?column?

T'OpH30HT 6a3bl JAHHBIX OIIPeZesIsieTCs STUM CHIMKOM:

=> SELECT backend_xmin
FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin

O6GHOBUM BCe CTPOKHU TabJIHITEI.

=> UPDATE t SET id = id + 1000;

UPDATE 1000

Kak u3MeHHUTCS pasMep TabIHUIIbI?

=> SELECT pg_size_pretty(pg_relation_size('t', 'main'));

pg size pretty



Pa3Mep 0CHOBHOTIO CJIOSI TaGJIMITBI YBEJIMYUIICS IIPUMEPHO BfIBOE.
BBIIIO/THUM Telleph OYHCTKY M IIOIIPOCHM €€ PacCKasaThb O TOM, YTO IIPOMCXO/IMT:
=> VACUUM VERBOSE t;

INFO: vacuuming "arch vacuum.public.t"

INFO: finished vacuuming "arch_vacuum.public.t": index scans: 0
pages: 0O removed, 9 remain, 9 scanned (100.00% of total)

tuples: O removed, 2000 remain, 1000 are dead but not yet removable
removable cutoff: 818, which was 1 XIDs old when operation ended
new relfrozenxid: 817, which is 1 XIDs ahead of previous value
frozen: 0 pages from table (0.00% of total) had 0 tuples frozen
index scan not needed: O pages from table (0.00% of total) had 0 dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 53.267 MB/s

buffer usage: 26 hits, 0 misses, 3 dirtied

WAL usage: 1 records, 0 full page images, 237 bytes

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

O6paTuTe BHUMaHHe:

tuples: 0 removed, 2000 remain — HH 0/fHa BepCHs CTPOK He MOXKET OBITH OUHINEHa,
1000 are dead but not yet removable — X0Td iBe TPeTH U3 HUX — HeaKTyaJbHEIe,
removable cutoff: 818 — TeKyIIHit TOPHU3OHT,

HMHJIEKC He OUMILaJIC.

3aBepIIUM MapasIe/IbHYI0 TPaH3aKIHIo. ..
| => coMMIT;

| commIT

... CHOBa BBI30OBEM OYHCTKY:

=> VACUUM VERBOSE t;

INFO: vacuuming "arch vacuum.public.t"

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

pages: 0O removed, 9 remain, 9 scanned (100.00% of total)

tuples: 1000 removed, 1000 remain, 0 are dead but not yet removable

removable cutoff: 819, which was 0@ XIDs old when operation ended

new relfrozenxid: 818, which is 1 XIDs ahead of previous value

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

index scan needed: 5 pages from table (55.56% of total) had 1000 dead item identifiers
removed

index "t pkey": pages: 8 in total, 2 newly deleted, 2 currently deleted, 0 reusable
avg read rate: 0.000 MB/s, avg write rate: 31.502 MB/s

buffer usage: 55 hits, 0 misses, 1 dirtied

WAL usage: 29 records, 1 full page images, 16218 bytes

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

VACUUM

Temeps:

e removable cutoff: 819 — ropu3oHT IIOABUHYJICS,
e tuples: 1000 removed — OoUHMIIleHE]I Bce HeaKTyaIbHbIe BEPCUH CTPOK,
e index scan needed ... 1000 dead item identifiers removed — ounIeHE! yKa3aTeaId Ha HUX U3 UHAEKCA.

ITocMOTpPUM Ha pasmep:
=> SELECT pg_size_pretty(pg_relation_size('t', 'main'));

pg size pretty

OH He U3MEHMICS, ITI0OCKOJIBKY BCe CBOGOIHOE MECTO HaXOQUTCSI BHYTPH CTPAaHMUI] — OHO He BO3BPAI[AeTCsl OIIePAITHOHHON
cHucTeMe, HO Gy/IeT HUCII0JIb30BaHO I pa3MellleHHsI HOBBIX BEPCHH CTPOK.
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AHann3 Posygres

Brinmonnsiercst Komanzon ANALYZE

cobupaeT CTaTUCTUKY [I/IsI TJIAHUPOBIIUKA
MO)KHO BMECTe C OUUCTKOM KomaHol VACUUM ANALYZE

OO6bIuHO paboTaeT B aBTOMaTUUeCKOM PeKrMe

BMeCTe C aBTOMAaTHUeCKON OUMCTKON

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
ctonébuam n T. n. bonee nogpo6bHO cb6op CTAaTUCTUKM paccMaTpuBaeTcs

B Kypce QPT «OnTmmnsaunsa 3anpocoB».

BpyuyHyto aHan13 BbinosiHsaeTcs komaHaon ANALYZE (Tonbko aHanus) unm
VACUUM ANALYZE (1 ouncTka, n aHanns).

OG6bIYHO OUMCTKA U aHa/IM3 3anycKalTcsl He BPYYHYt0, a paboTaloT BMecTe
B aBTOMAaTMYECKOM pexume. YacToTa aBToaHa/m3a Takke 3aBUCUT OT
WHTEHCMBHOCTU U3MEHEHUIA 1 AOMYCKAET TOHKYIO HACTPOIIKY.

https://postgrespro.ru/docs/postgresqgl/16/sql-analyze
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[To1Hag o4YncTKa Posigres

[TepecTparBaeT (atinbl ¥ Bo3BpailiaeT MecTo (haliioBOM
cucTeMe

Komanga VACUUM FULL

TIOJTHOCTBIO TIepecTparBaeT TabJIHI[Y U BCE ee UH/EKChI
MOHOITOJTLHO O/IOKUpYeT Tab/Hily 1 ee UH/IEKCHI Ha BCe BpeMst paboThbI

Komanzga REINDEX

TIOJTHOCTBIO TIepecTpanuBaeT TObKO UHAEKCHI
MOHOTIO/IEHO O/IOKMpPYeT WH/EKC U 3ampeljaeT 3amvchk B Tabmuiy

BapuaHT REINDEX CONCURRENTLY He MelllaeT YTeHHIO U 3aITUCH,
HO BBIIIOJIHAETCSA [JOJIbIIIe

10

OO6blYHast OUMCTKA He peLlaeT BCeX 3a7a4 No 0CBOOOXAEHMIO MecTa.

Ecnv Tabnuua unmn NHAEKC CUbLHO BbIPOC/V B pasMepax, TO OUUCTKa

He NPUBEAET K COKPALLEHUIO Yncna cTpaHul, (M K YyMeHbLUEHUO doaiinoB).
BMEeCTO 3TOro BHYTPY CYLLLECTBYHOLLMX CTPAHULL, MOSABATCS «/1blPbl», KOTOPbIE
MOTYT ObITb UCMO/Ib30BaHbI A/151 BCTABKM HOBbIX CTPOK N U3MEHEHUS
CYLLEeCTBYIOLNX. EAMHCTBEHHOE UCK/KOUYEHME COCTABNSIIOT NO/THOCTbLHO
OUULLEHHbIE CTPAHULbI, HAXOASALWMECS B KOHLE (haiina — Takue cTpaHuLbl
«OTKYCbIBaKOTCS1» U BO3BpAaLLATCS ONepaLyoHHOl cucteme.

Ecnn pasmep thainnos npesbIlLaeT HeEKNE pasyMHble npeaesibl, MOXXHO
BbINOMHUTL KOMaHay VACUUM FULL ans nonHoi ounctku. Mpu aTom
Tabnvua n Bce ee NHAEKChI NepecTpanBaloTCA NOMHOCTLIO C HY/4,

a JaHHble ynakoBbIBalOTCA MakCMMaslbHO KOMMNAKTHO.

[MonHasa ouncTKka He npeanosaraeTt pPerynsipHoro UCnosib30BaHns, Tak Kak
NO/THOCTLH G/1I0KMPYET BCSAKYHO paboTy ¢ Tabnuuein (BkYyasi U BbINOSTHEHNE
3anpocoB K Heil) Ha BCe BPeMS CBOEr0 BbIMO/IHEHUS.

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

KomaHga REINDEX nepectpavBaeT MHAEKCHI, HE Tporas npu aTtom taénuuy.
daktnyeckn, VACUUM FULL ucnonb3yeT 3Ty KoMaHay Ans Toro, 4toobsbl
nepectpouTtb nHaekcol. BapnaHt REINDEX CONCURRENTLY pa6boTaet
A0nblUe, HO He BNOKUPYET MHAEKC Y HE MeLlaeT YTEHUIO U OOHOBIEHUIO
AaHHbIX.

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



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

[Mpumep

0.1)
0.2)
(0.3)

ctid

KoY

(0,2) | BAR

(0,3) | BAZ

(0,1) | FOO
Xmin Xmax [JaHHble
100 ,,| 101 ,,|  42,FOO
101 ., 102 ,  42BAR
102 | 0 g  42BAZ
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Posygres

11

Ha pucyHke npmBegeHa Ta xe camaa cutyauns Ao O4YNUCTKN, KOTOPYH Mbl

y)XXe paccMaTpuBasiu.

B TabnunyHoi cTpaHuue Tpy BEpCUN O4HOM CTPOKK. [iBE N3 HUX
HeakTya/lbHbl, He BUAHbI HX B O4HOM CHUMKE U MOTYT ObITb YAas1eHbI.

B MHAEKCEe eCTb TPU CChISIKU Ha KaXy0 U3 BEPCUIA CTPOKMN.
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[Toc/ie No/IHOWM OUYNCTKN Posigres

ctid K104
0,1) BAZ
Xmin xmax JaHHble
0,1) 102 0 42 BAZ
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Mocne BbINO/THEHUS NONHOM OUNCTKU dhaiisibl AAaHHbIX MHAEKCA U TabnuLbl
NepecTpoeHbl 3aHOBO, HyMepaLUUsi BEPCUIA CTPOK M3MeHMMAck. B cTpaHuuax
OTCYTCTBYIOT «/lbIpbI», JaHHbIE YNaKOBaHbl MakCUMasibHO NIOTHO.



ITostHAsA oUMCTKa

BEI3BIBaeM IOJTHYIO OUHMCTKY TaOJIMITBL:
=> VACUUM FULL VERBOSE t;

INFO: vacuuming "public.t"

INFO: "public.t": found O removable, 1000 nonremovable row versions in 9 pages
DETAIL: 0 dead row versions cannot be removed yet.

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

VACUUM

Ta6JnIia ¥ UHJEKC Teleph IIOJTHOCTHIO ITepecTpoeHbl. Kak M3MeHHIICS pa3Mep?
=> SELECT pg_size_pretty(pg_relation_size('t', 'main'));

pg _size pretty

Pa3Mep BEPHYJICA K IIepBOHAYa/JIbHOMY.



3amopo3kKa Qz

[Tpo6siemMa meperoTHeHUsT CUeTYUKA TPaH3aKIUA

3amMopo3Ka BepCUM CTPOK

14
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[lepenosiHeHne cyeTumKa Posigres

MPOCTPAaHCTBO HOMEPOB TpaH3akmuii (32 6ura) 3aK0/bLI0BaHO
T0/I0BYHA HOMEPOB — TIPOILITIOe, TT0JIOBUHA — Oyzyliiee

15

Mo Homep TpaH3akumn B PostgreSQL BbigeneHo 32 6uta. 3T0 AOBOSILHO
60/bLoe Yncno (0Kono 4 Mnpa HOMEpPOB), HO NPU aKTUBHOW paboTe
cepsepa OHO BMNoOJIHE MOXET ObITb McyepnaHo. Hanprumep npu Harpyske
1000 TpaH3aKkunin B CEKyHAOY 3TO NPON30oMAeT BCEro Yepes nosropa mecsua
HenpepbIBHON paboThbl.

Ho Mbl rOBOPUAN O TOM, YTO MEXAHU3M MHOFOBEPCMOHHOCTYM NosiaraeTcs

Ha nocneaoBaTeflbHY0 HymMmepaLuio TpaH3akUnii — 13 AByx TPaH3aKLUuii
TpaH3aKUMs ¢ MEHbLUMM HOMEPOM CUMTAETCS HauaBLLECs paHbLLe,
MOHATHO, YTO HENb3S NPOCTO OOHY/INTL CYETUMK U NPOAOC/IKUTL HYMEpaLuio
3aHOBO.

[MoyemMy nof HOMep TpaH3akuUn He BblgenieHo 64 6uta — Befb 3TO
MOSTHOCTbLIO UCK/IHOUNIIO Bbl Npobnemy? [eno B ToOM, 4YTO (Kak
paccmMaTtpuBaniocb B TeMe «MHOIroBepPCMOHHOCTb>») B 3aro/I0OBKe KavKa0u
BEPCUN CTPOKM XPaHATCA ABa HOMepa TpaH3akuuin — xmin 1 xmax.
3arosi0BOK 1 Tak AOCTATOYHO O0/bLLUON, a YBeNMyeHne paspsasHoCTU
NPUBENO Bbl K €r0 YBENIMUYEHMIO €Llle Ha 8 GallT.
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[lepenosiHeHne cyeTumKa Posigres

BO3pacT TpaH3akumm

O,

16

Mo3TOMYy BMECTO J/IMHENHOWN CXEMbl BCE HOMEPa TPaH3aKLUMii 3aK0/1bLOBaHbI.
[nsa no6or TpaH3akumm NoNoBUHA HOMEPOB «MNPOTUB YaCOBOW CTPESIKN»
cuMTaeTcs npMHaanexallein npoLLomMy, a Nos0BMHA «Mo YacoBOWA
cTpenke» — oyayuiemy.

Bo3pacmom mpaH3akyuu Ha3bIBaeTCHA YMCNO0 TPaH3aKLUMii, NpoLLeaLmnx

C MOMEHTa ee NosAB/IeHNs B cucTeme (He3aBUCMMO OT TOro, nepexoaus au
CUYETUMK YEpPE3 HOMb NN HET).
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3amMopo3ka Posigres

TIPOLIECC OUMCTKY BBIMOJ/IHSIET 3aMOPO3KY CTapbIX BEPCUM CTPOK
TocJ1ie 3aMOPO3KH HOMeP TPaH3aKL[MM Xmin MOXeT ObITh MCII0/Ib30BaH 3aHOBO

BepCUsi CTPOKM
3aMopoxeHa
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B Takoi 3aKosibLlOBaHHOM CXeMe BO3HUKaEeT HeNnpuaTHas cutyauns.
TpaH3akuus, HaxoauBLLASCA B Aas1eKOM NpoLuiomM (TpaH3akuusa 1), yepes
HEKOTOpPOe BPeEMSI OKaXKETCS B TOW NOSIOBMHE Kpyra, KoTopas OTHOCUTCH

K 6yayuwemy. 310, KOHEYHO, HapyLLMNo 6bl Npasuna BUAUMOCTU ANA BEPCUiA
CTPOK, CO3[laHHbIX 3TOW TpaH3akuunen, n npmeesno bbl K NpobeMam.

Mpu 3TOM Npo6neMbI BbI3bIBAKOT TO/IbKO HOMepa TpaH3akLUmWii B nose xmin,
MOCKO/IbKY HEaKTyaslbHble BEPCUN C HEHY/IEBbIM XmaXx A0CTaTOYHO BbICTPO
yaansTcs Npy o4ncTKe (Kak TO/IbKO NepecTaroT 6biTb BUANUMbBIMM

B CHUMKaX AaHHbIX).

UTOObI HE A0MNYCTUTL NYTELECTBUI M3 NPOLLIOro B byayllee, npouecc
O4YNCTKW BbINOMHAET elle ogHy 3agady. OH HaxoauT A4OCTaTOYHO CTapble
N «XONOLHbIE» BEPCUN CTPOK (KOTOPble BUAHbBI BO BCEX CHUMKaX

N N3MEHEHMNE KOTOPbIX Y)Ke MasioBEPOSATHO) 1 cneymasibHbiM 06pa3om
nomMeyaeT — «3aMOpaXXuBaeT» — UX.
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3amMopo3ka Posigres

3dMOpOXeHHbIe BEDCUH CTPOK CUHMTAIOTCA «beCKoHeUHO CTapbIMK»

BEPCWUS CTPOKU
BUZHA B NPOLL/IOM

HoMep
TpaH3aKumu

1CMONb30BaH

3aHOBO

18

3aMopOoXeHHast BEPCUSI CTPOKM CUMTAeTCsi cTapLle SIH6bIX 06bIYHbIX AAHHbIX
1 BCeraa BuaHa BO BCEX CHUMKaX. [pu aToOM yxe He TpebyeTcsi CMOTPETb Ha
HOMEpP TPaH3aKLMK Xmin, 1 3TOT HOMEP MOXET BbITh GE30MACHO
1CMosib30BaH 3aHOBO. TaknM 06pa3oM, 3aMOPOXEHHbIE BEPCUM CTPOK
BCErAa OCTaKTCS B MPOLLSIOM.

https://postgrespro.ru/docs/postgresgl/16/routine-vacuuming#VACUUM-FOR
-WRAPAROUND



https://postgrespro.ru/docs/postgresql/16/routine-vacuuming#VACUUM-FOR-WRAPAROUND
https://postgrespro.ru/docs/postgresql/16/routine-vacuuming#VACUUM-FOR-WRAPAROUND
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I_Ipl/lmep Poslgres

ctid K104
0,1) BAZ
Xmin Xxmax [aHHble
0,1) 102 , 0 42,BAZ
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Ha pucyHke npusefeHa cutyauus Ao 3amopo3ku. B TabnmyHoli ctpaHuue
NOC/1e OYMCTKM OCTaslachb TOMBbKO OfIHA aKTyasibHasi BEPCUSI CTPOKM.
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[Tlocnie 3aMOpPO3KK Posigres

ctid K104
0,1) BAZ
Xmin Xxmax [aHHble
0,1) E 0 42,BAZ

3dMOPa>XMBa€TCA TO/IBKO HOMED Xmin
Be€pCHUM CTPOK C XmMadaX SABJIAOTCA HeAKTYd/IbHBIMU U 6y,ZLy'T OUHIleHbI
20

[Ns1 TOro Yto6bI MOMETUTL HOMEP TPaH3aKUUKM Xmin Kak 3aMOPOXXEHHbIN,
BbICTaB/IIETCA CreyyasibHas KoMoHaums MHPOPMaLNOHHbLIX BUTOB
B 3aro/10BKE BEPCUN CTPOKM.

BaxkHO, 4TOObLI BEpPCUMN CTPOK 3aMOpaXmnsasincb BOBpeMs. ECnn BO3HUKHET
cuUTyauus, Npu KOTOPOIA elle He 3aMOPOXEHHas TpaH3akKuua puckyet
nonacTb B byayulee, PostgreSQL aBapuiiHO OCTAHOBUTCHA. DTO BO3MOXHO
B ABYX C/ly4asix: nMb0o TpaH3akuua He 3aBepLueHa 1, cnefoBaresibHo,

He MOXET ObITb 3aMOPOXeHa, IGO0 He cpaboTasia OunCTKa.

Mpwu 3anycke cepBepa nocsie aBapuitHOro octaHoBa TpaH3akuus Gyaet
aBTOMaTMYeckn ob6opBaHa; Aanblue afAMUHUCTPATOP A0/HKEH BPYUHYHO
BbIMO/IHUTb OYMCTKY 1 NOC/Ie 3TOro cucTemMa CMOXET NPOAO/HKUTL paboTaTb
fanblue.
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3amMopo3Ka BpYy4HYyO Posjgres

VACUUM FREEZE

NIPUHYAWTETbHAs 3aMOPO3Ka BePCHiA CTPOK C Xmin /ir060ro Bo3pacra
ToT e 3¢ dexT u npu VACUUM FULL, CLUSTER

COPY ... WITH FREEZE

TIPUHYAUTEeTbHAsE 3aMOPO3Ka BO BpeMsi 3arpy3Ku
Tabnuija o/mKHa ObITh CO3/jaHa MK OMYCTOIlIeHa B TOM )Ke TpaH3aKL[UU
MOT'YT HapyILaThCsl MPaBU/ia U30JSILIUK TPaH3aKIUU

21

NHorpa 6biBaeT ya06HO ynpaBnsTh 3aMOPO3KOl BPYUHYIO, a HE 10X AaTbCs
ABTOOUNCTKM.

3amMopo3Ky MOXHO BbI3BaTb BPYy4HY0 komaHaoin VACUUM FREEZE —
npwn aTom 6yayT 3aMOpPOXeHbI BCe BEpPCUKN CTPOK, 6e3 ornsakm Ha Bo3pact
TpaH3akuuii. MNpu nepectpoiike Tadbnuubl komaHgamv VACUUM FULL nnn
CLUSTER BCe CTpPOKM TaKke 3aMOopakmnBarTCA.

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

[aHHble MOXXHO 3aMOPO3UTb 1 NPU HaYasIbHOW 3arpy3ke C NMOMOLLbIO
komaHgbl COPY, ykasaB napametp FREEZE. [ina atoro Taénunuya gomkHa
6bITb co3gaHa (nnu onyctoweHa komaHgo TRUNCATE) B Tol xe
TpaH3akumn, 4to n COPY. MOCKONbKY ANS 3aMOPOXEHHbIX CTPOK AENCTBYIOT
oTAeNbHble Npasuia BUANMOCTU, Takme CTPOKN ByayT BUAHbI B CHUMKax
[aHHbIX APYrMX TpaH3akuuii B HapyLLEHNe 06bIYHbIX NpaBua N30NaLumn

(31O KacaeTcs TpaH3akunii ¢ ypoBHeM Repeatable Read nnu Serializable),
XOTH 00bIYHO 3TO HE NpeAcTaB/ISAET NPO6MEMbI.

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



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

ITormn POQSFSSE

MHOroBepCOHHOCTb TPeOyeT OUMCTKU CTapbIX BePCU CTPOK

00bIUHAsA OUKMCTKA — KaK IMPpaBHJ/I0O B dBTOMATHYE€CKOM peXXrMe
IMOJIHAasA OUMCTKA — B 3KCTPEHHBIX C/IydasaX

[TeperiosHeHWe CYeTUMKa TpaH3aKLUi TpeOyeT 3aMOpO3KHU

Hosrve TpaH3aKLWK U OJHOMOMEHTHOe 0OHOB/IeHUe OOJBbIIOTo
obbeMa /IaHHBIX TIPUBOJAT K TIpo6ieMam

TH6J'II/IL[LI W MHEKChI YBE/IMUYHNBAIOTCA B Pa3Mepax
MHOT'OKPATHO CKAHHUPYIOTCA UHAEKCHI ITPHU OUYUCTKE

22
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[1pakTuka Pos{gres

1. B memoHcTpaiuy ObIJIO TTIOKa3aHO, YTO TIPU OOHOBIEHUU BCEX
CTPOK Tab/uIbI OfHOM KoMaH10li UPDATE 00beM IaHHBIX
Ha [TUCKe YBeJTMUMBaeTCs BABOE.
[TpopesnaiiTe CXOMHBIN SKCIIEPUMEHT, HO OOHOBISIIATE TaO/IUIy
HeOOo/bIIIMMY TIaKeTaMU CTPOK, uepeiysi 0OHOB/IeHUe C 3aIlyCKOM
OUMCTKH.
Kak cunpHO yBeTMuuiach Tabsuiija Ha 3TOT pas?

2. CpaBHuTe BpeMsl, 3a KOTOpOe yIa/IsitOTCsl BCe CTPOKU TabMULIbI
npu ucrosb3oBaHuu KoMaHa, DELETE 1 TRUNCATE.
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1. C pa3amepom naketa MOXHO 3KCNepuMeHTUpOBaTb; BO3bMUTE, Hanpumep,
1 % oT uncna CTpok B Tabnuue.

[na nakeTHon 06paboTKM HYXXHO pPeLUnTb, KaK UMEHHO BbloupaTb N CTPOK
N3 UMEKLLNXCA B Tabnumue.

YuTtute, 4to 06paboTKa Kakoro-To naketa MOXeT (B NpuHUUNE) 3aBepLUNTLCS
OLINGKOM. BaxkHO, YTOObI 3TO HE NMOB/NAIO HA BO3MOXHOCTb MPOAO/IKNUTL
06paboTKy 1 A0BECTU ee A0 KoHua. Hanpumep, ecniv BbibupaTtb CTPOKKM Mo
AnanasoHam 3HadyeHu ngeHTudmkaropa, T0 Kak onpeaenunTb, Kakue nakeTbl
ycrelwHo obpaboTaHsbl, a Kakme — HeT?

2. Bocnonb3yitecb komaHgom psqgl \timing.



1. IlakeTHOE OOHOBJICHHE

=> CREATE DATABASE arch_vacuum;

CREATE DATABASE

=> \c arch_vacuum

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

Cosgazum TabJIuIly, CXOHYIO C TOM, YTO HCII0JIb30Bajach B IeMOHCTPALUY, X HAIIOJTHUM ee JaHHBIMU:

=> CREATE TABLE t(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
n float,
processed boolean DEFAULT false

)i

CREATE TABLE
=> INSERT INTO t(n) SELECT random() FROM generate_series(1,100_000);
INSERT 0 100000

JLJIs1 YIIPOITIeHUsI 33/IaYH MBI OTKA3aJ/IMCh OT CTOJIGIA C BHeITHUM XpaHeHueM (TOAST), a [OIIOTHUTEIbHEBIN cTosI6ers processed
IIPUTOIUTCSI HaM [IIsI TaKeTHOTO 00HOBJIEHHUS.

PasMmep TabIHITEL:
=> SELECT pg_size pretty(pg_relation_size('t'));

pg size pretty

5096 kB
(1 row)

Emre pa3 mpoBepHM II0Ka3aHHOE B leMOHCTpaIuy. OGHOBJIIEM BCE CTPOKH:
=> UPDATE t SET n = n + 1;

UPDATE 100000

Pa3Mep TaGIHITHI IT0CIe OGHOBJIEHUS:

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

pg size pretty

10192 kB
(1 row)

Tabsmiia yBeIMUnIack B [Ba pasa.

Tellepb HaM HaJ[0 OYUCTUTH TabJIMITy, I09TOMY 3a0HO 3aceueM BpeMs BBIIIOJIHeHNs kKoMaHsl TRUNCATE:
=> \timing on

Timing is on.

=> TRUNCATE t;

TRUNCATE TABLE
Time: 27,452 ms

=> \timing off

Timing is off.

3aHOBO BCTaBJIsIEM Te JKe CTPOKHU:

=> INSERT INTO t(n) SELECT random() FROM generate_series(1,100_000);
INSERT 0 100000

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



pg size pretty

5096 kB
(1 row)

JI7151 TOro YTO6BI KOHTPOJIMPOBATh 06paboTaHHbIE CTPOKH, 6y/IeM HCII0/Ih30BaTh cTosI6elt processed. /Iyt yao6cTBa CO3/afUuM
GYHKITHIO, BBITIOTHSIONIYI0 0OHOBJIEHHE IIaKeTa CTPOK, IIPUUeM pasMep IlakeTa 3a/jaeTcs IapaMeTpoM:

=> CREATE FUNCTION do_update(batch_size integer) RETURNS void
LANGUAGE sql VOLATILE
BEGIN ATOMIC
WITH batch AS (
-- oTbupaem HeobpaboTaHHbie CTPOKM AN nakeTa
-- 1 6nokupyem ux, nponyckas yxe 3abnokupoBaHHble
SELECT * FROM t
WHERE NOT processed
LIMIT batch_size
FOR UPDATE SKIP LOCKED
)
UPDATE t
SET n=n+1,
processed = true
WHERE id IN (SELECT id FROM batch);
END;

CREATE FUNCTION

ITpepyioxxeHue FOR UPDATE SKIP LOCKED 6yzeT ITofpo6Hee pacCMOTPeHO B TeMe «BIOKHpOBKU». TakoH criocob gact
Heo0X0/[MMOe KOJIM4eCTBO Heo6paboTaHHBIX CTPOK (M3 YKC/Ia UMEIOLIUXCS B Ta6J/IHIle), IPUYeM BHIIIOJIHEHHe He 6y/ieT
3a/leprKaHo IPYTUMH 06HOBJIEHUSIMH, KOTOPHIe MOTYT BBIIIOJHSTHCS B 3TO JKe BpeMsl. YI06HO TakyKe, UTO 3TOT CII0C06 He TpebyeT
BBIYHCJIEHNs KaKUX-IM00 AranasoHoB. O6HOBJIEHHe IIPOCTO HAJ[0 IIPOA0JDKATE JI0 TeX I10p, II0Ka B TabJIHIle He OCTaHeTC s
Heo6paboTaHHBIX CTPOK.

ITocKOJIBKY BBIIIOJIHEHHe KoMaHAbl VACUUM He floniycKaeTcs B 6JI0Ke TpaH3aKIIMM, BOCIIOJIb3yeTcsl cpeficTBaMu bash, UTo6b1
BBIIIOJIHUTDH HY>KHbIe KOMaH/Ibl:

student$ for i in {1..100}

do
psql -d arch_vacuum -c 'SELECT do_update(1000);"
psql -d arch_vacuum -c 'VACUUM;'

done >/dev/null

IIpoBepHM, UTO BCe CTPOKU 06paGOTaHbL:

=> SELECT count(*) FROM t WHERE NOT processed;

Pasmep TaGJIUITEI TI0CIIe TAKETHOTO 0GHOBJIEHHUS:
=> SELECT pg_size_pretty(pg_relation_size('t'));

pg size pretty

5216 kB
(1 row)

Ta6JInIa YBeJIMIMIACh Yy Th GOJIbIIe, 4eM Ha 2%.

2. VpajneHue CTPOK

=> \timing on
Timing is on.
=> DELETE FROM t;

DELETE 100000
Time: 83,942 ms

=> \timing off
Timing is off.

VnaneHue Bcex CTPOK KoMaH[0i DELETE BBIIIOIHAETCS 3HAUUTEeIbHO foJblie, yeM TRUNCATE. Kpome Toro, nocsie DELETE B
TabJIAIle OCTAIOTCA y/jaJleHHbIe BePCHH CTPOK, KOTOPEIE JJ0/DKHBI OBITh OUMIIEHEL.



ITo mpuHIUITY pa6oTsl KoMaHAa TRUNCATE HantomrHaeT VACUUM FULL: oHa 3aMeHsieT aiis JaHHBIX HOBBIM (IIyCTHIM) daiiioMm,
U 1711 3TOTO IIOJTHOCTBIO 6JI0KHpYeT paboTy ¢ TabJIMIe I IPYTUX TPaH3aKI[UH.



