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3amMopo3Ka BepCUM CTPOK
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Kaxk ycTpoeH rporiecc 0UunucTKU
AHanu3 Tabmmi

IlonmHas ouncTka



of] PROFESSIONAL

OuuncTka Posigres

BrinonHsgerca komaHgou VACUUM
OuMIIlaeT HeHY)KHble BEPCUM CTPOK B TaOIMYHBIX CTPaHULAX
(TIportycKasi CTpaHML{bl, y>Ke OTMeUeHHbIe B KapTe BUIUMOCTH)
oyHIljaeT UH/EKCHbIe 3alMCH, CChIIAIOIIMecs Ha OUMIIleHHbIe BePCUU CTPOK
0OHOB/ISIeT KapThl BUAMMOCTH M CBOOOZHOTO TIPOCTPAHCTBA

OObIYHO paboTaeT B aBTOMaTHUeCKOM PeKHUMe

yactota 06pabOTKY 3aBUCHT OT UHTEHCHMBHOCTU U3MEHEHHI B Tabsuile
riporjecckl autovacuum launcher u autovacuum worker

Kak Mbl y)ke 3Haem, npu peannsaymm MHOroBepPCMOHHOCTN B Tabnunuyax
HakanMBalTCA NCTOPUYECKMe BEPCUM CTPOK, a B MHAEKCAX — CCbIIKA
Ha Takne nctopuyeckmne sepcuun. Korga Bepcus CTPOKM YXOAUT 3a TOPU3OHT
6a3bl aHHbIX, ee MOXHO yaa/nTb, 0CBOOOXAast MECTO A1 APYrnX BEPCU.

OuucTka, BbinosnHAemas komaHgon VACUUM, obpabaTtbiBaeT BClo Tabnuuy,
BK/IO4asi BCE CO3[aHHbIe Ha Hell MHAEKCHI. [1pn 3TOM yaansaTCa U
HEHYXXHbl€ BEPCUMN CTPOK, M YKa3aTeNn Ha HUX B Hayasne cTpaHuLbl.

OObIYHO OUMCTKA 3anyCcKaeTCsa He BPYYHYt0, a paboTaeT B aBTOMATUYECKOM
pexume, yunTbiBasi pakTMYeCKOe KO/IMYECTBO M3MEHEHUIA B Tabnuue. Uem
aKTUBHEE N3MEHSIOTCH, 06ABASAOTCS U YAANAKTCA CTPOKKU, TEM vallle
aBTOOUMCTKa obpabarbiBaeT Tabnuly 1 ee NHOEKCHI.

[Mpv BKIHOYEHHOW aBTOOUMCTKE B CMCTEME BCerga npucyTcTByeT npoLlecc
autovacuum launcher, KoTopblii 3aHMMaETCs NAaHNPOBaHNEM PaboTbl
npoLeccos autovacuum worker, HenocpeaCTBEHHO BbIMOJTHAKLLMX OUUCTKY.
HecKkonbKo 3K3eMMNIApPoB Taknx pabovmx NpoLeccoB MOryT AelCTBOBaTb
napannencHo.

BaxkHO, 4TOObI NpoLLecc aBTOOUUCTKM BblN NPaBU/IbHO HAcTpoeH. Kak ato
henaetcs, paccmarpuBaeTcs B Kypce DBA2 «AAMUHUCTpUpOBaHne
PostgreSQL. HacTpoiika n MOHUTOPUHI». ECnn aBTOOuMCTKA He byaeT
cpabartbiBaTb BOBpeMS, Tab/nvubl OyayT paspactarbCa B pasmepax. Takke
BaXHO, UTOObI B cuctemMe ¢ OLTP-Harpy3koi He 6b1/10 AJ/IMHHBIX TPpaH3aKLUWiA,
NoA0/TY yAepXnBarLmMX ropn3oHT 6a3bl JaHHbIX 1 MeLLatoLWmMX OYNCTKE.

https://postgrespro.ru/docs/postgresqal/16/sgl-vacuum
https://postgrespro.ru/docs/postgresgl/16/routine-vacuuming




[Mpumep

0.1)
0.2)
0.3)

PaccmoTpum npumep.

ctid Koy

(0,2 | BAR

(0,3) | BAZ

0,2) FOO
xmin xmax [laHHble
100 ., 101 ,  42,FOO
101 ,,| 102 ,  42,BAR
102 ,| 0 5  42BAZ
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Posygres

Ha pucyHke npvBeaeHa cuTyauus 10 O4MCTKN. B TabnnMUHOl cTpaHuLe Tpu
BEPCUMN OAHOW CTPOKU. [IB€ U3 HUX HEeaKTyaslbHbl, HE BUAHbI HA B OHOM
CHUMKE 1 MOTYT ObITb YAaeHbI.

B MHAEKCEe eCTb TPU CCbIIKN: Ha Kaxayto U3 Bepcuii CTPOKM.
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dasza O4YMCTKM NHOEKCOB Posigres

ctid K/TtoY
TpelyeTcsi MoTHoe
CKaHMPOBaHUE BCEX UH/EKCOB,
(0,3)| BAZ
CO3/jaHHBIX Ha TabsHLe
xmin xmax AaHHble
(0,1) 100 . 101 42,FOO
0,2) 101 , 102 42 BAR
(0,3) 102 ,| 0 g  42BAZ

OuncTtka obpabaTbiBaeT AaHHble NOCTPaHNYHO. Tabnmua Nnpu aTOM MOXET
MCMo/b30BaTbCA 0ObIYHBbIM 06PAa30M U A1 YTEHUA, U OJ19 N3MEHEHUS
(oAHaKo ogHOBpPEMEHHOEe BbINOJSIHEHUE A1 TabNMLbl TakKMX KOMaHA, Kak
CREATE INDEX, ALTER TABLE u gp. 6yget HeBO3MOXHO — nogpobHee
CM. TeMYy «BNOKMPOBKN»).

CHauana Tabnuua ckaHupyeTcsl B nomckax Bepcuii CTPOK, KOTOPbIe MOXHO
OUNCTUTBL. 115 3TOrO (C NOMOLLbIO KapThl BUAMMOCTM) YMTAOTCS TOMBKO Te
CTPaHULibl, B KOTOPbIX €CTb HeakTyasibHble (MepPTBbIE) BEPCUN CTPOK.
NaeHTUgNKaTopbl OUMLLLIAEMbIX CTPOK 3arnoMUHatOTCA B OnepaTuBHOWA
namsTy.

3aTteM HaumHaeTcs ha3a OUNCTKU UHAEKCOB. KaxoblIli U3 UHAEKCOB,
CO3/1aHHbIX Ha Tabnuue, Mo/IHOCMbIO CKaHUPyemcsl B NoucKax 3anucei,
KOTOpble CCbIIATCA Ha ouuLLLaeMble BEPCUM CTPOK (3TO eLle OfvH NOoBO/,
He co3aaBaTh SIMLLIHUX MHAEKCOB!). HaAeHHble MHAEKCHbIE 3anucu
ounaoTcs. ATy hasy MOryT BbINO/IHATb HECKO/TIbKO (DOHOBbIX MPOLIECCOB
napasiniesibHo, No OHOMY MPOLIECCY Ha KaX/blii UHAEKC.

Mocne aToii pasbl B UHAEKCE YXKEe HET CCbINIOK Ha yCTapeBLLVEe BepCUm
CTPOK, HO camMu BEpPCUM CTPOK eLLe NPUCYTCTBYHOT B Tab/MLE.
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das3a 0UMCTKN Tabnuubl Pos{gres

ctid Koy
npu 6o/IbIIOM 00BeMe
OUMIIAEeMBIX JaHHBIX
(03) BAZ - A
noTpeOyeTcsi TOBTOPHUTh
BeCh MPOLIeCC HeCKO/IBKO pa3
xmin xmax AaHHble
(0,1)
0,2)
0,3) 102 | 0 |  42BAZ

3arem BbINO/IHAETCA (pasza o4nCTkn Tabnuubl. Ha atoil dpase Tabnvua
CHOBA CKaHMpYeTCA, N N3 Hee BbIYULLLAKTCS BEPCUN CTPOK C 3aNOMHEHHbIMM
paHee naeHTugukatopamm. HecmMoTpsa Ha TO, YTO UHAEKCHI Ha NpeablayLel
dhaze MoryT ounaTbCs napaniefnibHo, NPU OYNCTKE caMoli Tabnnubl
napasifiennuamMa HeT: OHa ouMLaeTcs ogHUM (Be4yL M) NpoLLeCCOM.

[Mocne aToi dpasbl ycTapeBLUMX BEPCUIA CTPOK HET HU B MHAEKCAX,
HW1 B Tabnuue.

3ameTum, 4To hasbl OUMCTKM MHOEKCOB N TabNuLbl MOryT nooyepeaHo
BbIMO/THATLCA HECKO/IbKO pa3, eC/IN He XBaTaeT namMsiTv 4151 TOro YToobl
cpasy 3anoMHUTb BCE UAEHTUAMKATOPbI OUNLLAEMBbIX CTPOK. Takomn
cuTyauum ctaparTcs nsberatb NpaBU/IbHOW HACTPONKOI aBTOOUMUCTKM.

B npouecce ouncTK TabnmLbl 0GHOBASIKOTCA U KapTa BUAUMOCTY (eC/K Ha
CTpaHuLIe He OCTaeTCS HeaKTyallbHbIX BEPCUA CTPOK), U KapTa cCBOGOAHOIO
NPOCTPaHCTBA, B KOTOPOW OTpaxaeTcs Hann4une cBob6oaHOro Mecta

B CTPaHULIax.



OuncTKa

=> CREATE DATABASE arch_vacuum;

CREATE DATABASE

=> \c arch_vacuum

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

Co3pganuM TabIuily ¥ 3aIpeTUM AJIs Hee aBTOMAaTH4YeCKyI0 OYUCTKY (YTOOH yIIpaBiIsSTh MOMEHTOM cpabaThIBaHUT).

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

CREATE TABLE
BcTaBuM B Ta6nIHIly HEKOTOPOE KOJIMYECTBO CTPOK U Y3HAaeM pa3Mep ee OCHOBHOI'O 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

Teneps, 4TOOHI e1re Pa3 HAIIOMHUTD IIPO IIOHATHE IT'OPU30HTA, OTKPOEM B JPYIrOM CeaHCe TPaH3aKINI0 C aKTUBHBIM CHUMKOM
HOaHHBIX.

| => \c arch_vacuum

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

| BEGIN

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

?column?

T'opuszoHT 6a3bl JaHHBIX ompenensaeTcsa 3TUM CHUMKOM:

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

backend_xmin

OOHOBUM BC€ CTPOKH TaOIHUIIHL.

=> UPDATE t SET id = id + 1000;

UPDATE 1000

Kak u3MeHHUTCSI pa3Mep TaOIUIIEI?

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

pg size pretty

Pa3mep ocHOBHOTO Ci10s TaGIIUITBL YBEJIIUYHUJICA IIPUMEPHO BOABOE.



BhINOIHUM Tenepb OYKUCTKY U IONPOCHM €€ PAcCKa3aTh O TOM, YTO IPOUCXONUT:
=> VACUUM VERBOSE t;

INFO: vacuuming "arch vacuum.public.t"

INFO: finished vacuuming "arch vacuum.public.t": index scans: 0
pages: O 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 O dead item identifiers
removed

avg read rate: 0.000 MB/s, avg write rate: 24.038 MB/s

buffer usage: 24 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

O6paTruTe BHUMaHUE:

tuples: 0 removed, 2000 remain — HM OgHaA BEPCHUS CTPOK HE MOXKET OBITh OYHIIEHA,
1000 are dead but not yet removable — x0Ts iBe TpeTH U3 HUX — HeaKTyaJIbHEIE,
removable cutoff: 818 — Tekymuit TOpU30HT,

WHIIEKC He OYUIIaJICS.

3aBepIIuM IapaanelbHy0 TPaH3aKIHUIo. ..
| => comMmIT;

| commIT

... CHOBaA BBI3OBEM OYHUCTKY:

=> VACUUM VERBOSE t;

INFO: vacuuming "arch_vacuum.public.t"

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

pages: 0 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: 18.557 MB/s

buffer usage: 54 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

Teneps:

e removable cutoff: 819 — ropu3oHT NOABUHYJICS,
e tuples: 1000 removed — ouynIeH:l BCe HEAKTyaIbHbIE BEDCUU CTPOK,
e index scan needed ... 1000 dead item identifiers removed — oumnIreHs yKa3aTeau Ha HUX U3 HHOEKCA.

TlocmoTpuM Ha pa3Mep:
=> SELECT pg_size pretty(pg_relation_size('t', 'main'));

pg _size pretty

OH He U3MEHUJICH, IIOCKOJIBKY BCe CBOGO]IHOG MECTO HaXOOUTCA BHYTPHU CTPAHHUIlI — OHO HE€ BO3Bpallla€TCA OHepaLII/IOHHOﬁ
cucreMme, HO 6y]16‘T HCIIOJIb30BAHO AJIA Pa3MeIlleHUusA HOBBIX BepCI/II;I CTPOK.
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AHanus Posy{gres

Beimonnsiercst kKoMmaHzori ANALYZE

cobupaeT CTaTUCTUKY /111 TI/IAHUPOBLLMKA
MOKHO BMECTe C OUUCTKOM KoMaHAol VACUUM ANALYZE

OObIYHO paboTaeT B aBTOMaTHUeCKOM PeKHUMe

BMECTe C aBTOMaTHUeCKON OUMCTKOM

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
cton6uam n 1. n. bonee nogpo6bHO CO0OP CTATUCTUKM paccMmaTpuBaeTcH

B Kypce QPT «OnTummnsauma 3anpocoBs».

BpyuHyto aHann3 BbinosHaeTcs komaHaon ANALYZE (Tonbko aHanua) unm
VACUUM ANALYZE (1 ouncTtka, n aHanms).

OO6bIYHO OYMCTKA 1 aHas/IM3 3anycKatoTcsl He BPyUHYHo, a paboTatoT BMecTe
B aBTOMAaTMYECKOM pexume. YacToTa aBToaHa/m3a Takke 3aBUCUT OT
MHTEHCUBHOCTUN U3MEHEHWIA 1 A0MNYCKAET TOHKYH HACTPOIKY.

https://postgrespro.ru/docs/postgresqgl/16/sgl-analyze
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[TonHaga o4yncTka Posigres

[TepecTparBaeT (aiinibl ¥ Bo3BpalljaeT MecTo (haliloBoOM cucTemMe
Komanga VACUUM FULL

TIO/THOCTBIO T1epeCTparBaeT Ta6m/1uy " BCe ee WH/EKChbI
MOHOIIOJ/IBHO 6110KpreT Ta6111/1uy " ee MHJEKCbI Ha BCe BpeMs pa6OTbI

Komanzga REINDEX

TTO/IHOCTBIO MepeCTPAUBAET TOJILKO MHEKChI
MOHOIIOJ/IBHO 6n0KpreT HMHAEKC U 3allpelldeT 3alliCb B Ta6111/1uy

BapuaHT REINDEX CONCURRENTLY He MelllaeT UT€HUIO U 3aITUCH,
HO BBITIO/IHAETCA JOJIbLIIe

10

O6blYHasA ouncTKa He pellaeT BCex 3a4a4y No ocBOOOXAEHUIO MecTa.

Ecnv Tabnuua nnm nHAeKc CUNbHO BbIPOC/N B pasMepax, TO O4YMCTKa

He NpvBeAeT K COKpaLLeHUIo ymcna cTpaHumy (U K yMeHbLUeHUIo dainnos).
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
BbINO/IHUTE KOMaHAy VACUUM FULL ansa nonHon ouncTtku. Mpu aTom
Tabnvua n Bce ee NHAEKCHI NepecTpanBatoTCsA NOSTHOCTLIO C HY/IA,

a JaHHble yNnakoBbIBalOTCA MaKCMMaslbHO KOMNAaKTHO.

[MonHasa ouncTka He npegnosaraeT PerynsapHoro UCnosib3oBaHus, Tak Kak
NOTHOCTLH 6/10KMPYET BCAKYH paboTy ¢ Tabnuuen (BKNvasa 1 BbINOHEHNE
3anpocoB K Heil) Ha BCe BPeMS CBOEr0 BbIMNO/IHEHMS.

https://postgrespro.ru/docs/postgresal/16/sgl-vacuum

KomaHga REINDEX nepectpavBaeT MHOEKCHI, HE Tporas npu atom taénuuy.
dakTnyeckn, VACUUM FULL ncnonb3yeT aTy KoMaHay Ans Toro, 4toosbl
nepectpounTtb nHaekcol. BapmaHt REINDEX CONCURRENTLY pab6oTtaet
[onblue, HO He 6/10KMpYyeT NHAEKC U HEe MeLlaeT YTEHU0 U 0OHOB/IEHNIO
OaHHbIX.

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




[Mpumep

0.1)
0.2)
0.3)

ctid KoY

(0,2 | BAR

(0,3) | BAZ

(0,1) FOO

xmin xmax [aHHble
100 ,,| 101 .,  42,FOO
101 | 102 ,,| 42,BAR
102 ,| 0 42BAZ
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Posygres

11

Ha pucyHke npuBegeHa Ta e camada cutyauna Ao OYNCTKU, KOTOPYH Mbl

y)XXe paccMaTpuBasu.

B TabNnYHON cTpaHULUe TPy BEPCUM OAHOWN CTPOKW. [1Be U3 HUX
HeakTyaslbHbl, HE BUAHbI HA B OAHOM CHUMKE U MOTYT ObITb YAa/1EHbI.

B MHAEKCEe eCTb TP CCbIIKM Ha Kadkayto 13 BePCUiA CTPOKM.
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[Toc/ie Mo/IHOWM OUYUNCTKNU Posigres

ctid KoY
(0,2) BAZ
Xxmin xmax [AaHHble
0,1 102 ., 0 x 42, BAZ

12

Mocne BbINO/THEHMSA MOHON OUUCTKN doaiinbl AaHHbIX MHAEKCA U TabNuLbl
NepecTpoeHbl 3aHOBO, HyMepaL s BEPCUiA CTPOK n3MeHunnach. B cTpaHuuax
OTCYTCTBYHT «/Iblpbl», laHHblE YNakoBaHbl MaKCMMaslbHO M/I0THO.



TTomrHast OYHUCTKA

BeI3BIBa€M IIOJIHYIO OYUCTKY TabJIMITEL:
=> 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: 0.01 s.

VACUUM

Tabnulla ¥ UHOEKC Temneph MOJIHOCTHIO0 epecTpoeHsl. Kak u3aMeHuscs pasmep?
=> SELECT pg_size_pretty(pg_relation_size('t', 'main'));

pg _size pretty

Pa3mep BepHYJICS K IepBOHAYaIbHOMY.



3amopo3ka C2

[Tpob6siemMa mepero/THeHUsT CUeTUYMKA TPaH3aKIUi

3amMopo3Ka BepCUM CTPOK

14
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[lepenosiHeHne cyeTumKa Posigres

MPOCTPAaHCTBO HOMEPOB TpaH3akIuii (32 6ura) 3aK0/bLI0BAHO
T0/I0BUHA HOMepOB — TIPOILILIOe, N0/I0BUHA — Oyzylijee

15

Mo Homep TpaH3akumn B PostgreSQL BbiaeneHo 32 6uta. 310 A0BOJILHO
60bLoe Yncno (0kono 4 Mnpa HOMEpPOB), HO NMPY akTUBHOW paboTe
cepBepa OHO BMNoJsIHE MOXET ObITb McYepnaHo. Hanpumep npu Harpyske
1000 TpaH3akunin B CEKyHAY 3TO NPOM30MAET BCEro Yepes nosropa mecsua
HenpepbIBHON paboThbl.

Ho Mbl roBOpPUM O TOM, YTO MEXaHN3M MHOFOBEPCUOHHOCTY NosaraeTcs

Ha nocneaoBaTtesibHy0 HyMepaLuuio TpaH3akUnii — 13 AByX TpaH3aKLii
TpaH3aKUUsi C MEeHbLLIVM HOMEPOM CYMTAeTCsl HauaBLUelcsl paHbLLe.
[MOHSTHO, YTO HEMb3S MPOCTO OOHY/IUTb CYETUMK U MPOAOC/IKUTL HYMepaLuio
3aHOBO.

MoyemMy nog HOMep TpaH3akuun He BblAeneHo 64 6uta — Bedb 3TO
MOSIHOCTbLIO UCK/IHOUNIO Obl Npobnemy? [leno B TOM, YTO (Kak
paccmMarpusasiocb B TeMe «MHOTOBEPCMOHHOCTb») B 3aro/1IoBKe KaxoMn
BEPCUN CTPOKN XpaHATCA [ABa HOMepa TpaH3akLMi — Xxmin u Xxmax.
3aronoBoOK 1 Tak AOCTATOYHO GO/bLLON, a yBeNmyeHne paspsagHoCcTU
NPUBENO Obl K €r0 YBE/IMYEHUIO eLlle Ha 8 GallT.
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[lepenosiHeHne cyeTumKa Posigres

BO3PACT TPaH3aKuum

O,

16

Mo3TOMYy BMECTO SIMHENHOWN CXEMbI BCE HOMEpPa TpaH3aKLNil 3aK0/bLIOBaHbI.
[na no6or TpaH3akumm No0BUHA HOMEPOB «MNPOTUB YaCOBOW CTPESTKN»
cuMTaeTcsa npuHagnexatlein npoLuIomy, a NnosIoBUHa «rno YacoBOW
cTpenke» — oyayuiemy.

Bo3pacmom mpaH3akyuu Ha3bIBaeTCsA YACMO TpaH3akumuii, NpoLleaLwmx

C MOMEHTa ee NosAB/IeHUs B cucTeme (He3aBUCKMMO OT TOro, nepexoaus v
CUYETUMK YEepe3 HOMb NN HET).
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3amMopo3Ka Pos{gres

TIPOL[eCC OUYMCTKY BBITOJIHSET 3aMOPO3KY CTapbIX BEPCUI CTPOK
TocJ1e 3aMOpPO3KH HOMeP TPaH3aKL{MM Xmin MoyKeT ObITh MUCII0/Ib30BaH 3aHOBO

BEpCHs CTPOKM
3aMopoXeHa
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B Takoi 3aKosibLl0BaHHOW CXeMe BO3HUKAET HeNnpusaTHas cutyauus.
TpaH3akuusa, HaxoaMBLLAACA B Aas1eKOM NpoLuiomM (TpaH3sakuua 1), yepes
HEKOTOPOE BPEMSI OK&XKETCS B TON NOMNOBMHE Kpyra, KoTopas OTHOCUTCS

K 6yayuwemy. 310, KOHEYHO, HapyLWKn10 O6bl NpaBuia BUANMOCTY OJ151 BEPCUi
CTPOK, CO3[laHHbIX 3TOM TpaH3akumen, n npueeno bl K npodiemam.

Mpn 3TOM NpPo6neMbI Bbi3biBAKOT TO/IbKO HOMepa TpaH3akLUuMii B nosie xmin,
MNOCKO/IbKY HEeaKTyaslbHble BEPCUUN C HEHY/IEBbIM XMax [0CTaTO4YHO OGbICTPO
yAansioTcs Npy o4ncTke (Kak To/IbKO NepecTaroT 6biTb BUANMbBIMY

B CHUMKaX AaHHbIX).

UT06bI HE AONYCTUTL NyTEeLeCcTBMIA N3 NPOLLIOro B Byayliee, npouecc
O4YMCTKW BbIMNOJSHAET elle ogHy 3agady. OH HaxoauT AOCTaTOYHO CTapble
N «X0N04HbIE» BEPCUN CTPOK (KOTOPble BUAHbI BO BCEX CHUMKaXx

N N3MEHEHNE KOTOPbIX Y)Ke MaJIOBEPOATHO) 1 cnelmasibHbIM 06pa3om
nomevyaeT — «3aMOpaXXnUBaeT» — UX.



of] PROFESSIONAL

3amMopo3Ka Pos{gres

3aMOpOyKeHHbIe BePCUH CTPOK CUUTAIOTCS «OeCKOHEUHO CTapbIMH»

BEpCHs CTPOKM
BUJHA B NPOLLIOM

Homep
TpaH3akuumn

1CNoNb30BaH

3aHOBO
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3amMopoXXeHHasi BepCcus CTPOKN CUUTaAETCA CTaplue /MoObiX 00bIYHbIX
AaHHbIX 1 BCcerga BuaHa BO BCeX CHMMKax. [pn aTom yxe He TpebyeTtcs
CMOTPETb Ha HOMep TpaH3aKLM1 Xmin, 1 3TOT HOMeP MOXET ObITb
6e3onacHo 1Cnosb30BaH 3aHOBO. TakMM 06pa3oM, 3aMOPOXEHHbIE BEPCUK
CTPOK BCerga oCTarTCA B MPOLU/IOM.

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




of] PROFESSIONAL

|_|p|/||\/|ep Poslgres

ctid KoY
(0,2) BAZ
Xmin Xxmax [AaHHble
0,1 102 ., 0 42 BAZ
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Ha pucyHke npuBeaeHa cuTyauust A0 3amopo3kn. B TabnnuHoli cTpaHuue
Moc/ie OUYNCTKM OCTasiaCb TOMbKO OAHA aKkTyaslbHasi BEpCUs CTPOKW.



of] PROFESSIONAL

[Tocnie 3aMOpPO3KK Posigres

ctid KoY
(01)| BAZ
Xmin Xmax OaHHble
©.1) % 0 g  42BAZ

3dMOPa>XMBa€TCA TO/IBKO HOMED Xmin
Be€pCHH CTPOK C XmMaX AB/IAKOTCA HEAKTYd/IbHBIMU U 6y,ELYT OUHIIEHDBI
20

[nsi TOro Yto6bl MOMETUTL HOMEP TPaH3aKUUKM XMin Kak 3aMOPOXXEHHbIN,
BbICTaB/ISETCA CreyyasibHas KoMmomHaums MHPOPMaLMOHHbLIX BUTOB
B 3aro/10BKE BEPCUM CTPOKM.

BaxkHO, 4TOObI BEPCUN CTPOK 3aMOpPaXXnBasiMCb BOBpPeMS. ECNN BO3HUKHET
cuUTyaums, Npyv KOTOPOW eLle He 3aMOPOXEeHHasA TpaH3aKumMs pUCKyeT
nonacTb B 6yayulee, PostgreSQL aBapuiniHO OCTaHOBUTCS. DTO BO3MOXHO
B ABYX C/lyyasax: MO0 TpaH3akuusa He 3aBepLueHa 1, ciefoBaresibHo,

He MOXET ObITb 3aMOPOXeHa, NMMB0 He cpaboTasia ouMcTKa.

Mpwu 3anycke cepsepa nocsie aBapuiitHoOro ocTaHoBa TpaH3akuus éyaer
aBTOMaTMYeCKM 060pBaHa; Aanblie agMUHUCTPATOP AO/HKEH BPYUHYIO
BbINO/IHUTb OUUCTKY M MOC/IE 3TOr0 CUCTEMA CMOXET NPOAO/IKUTL paboTaTb
fanblue.



of] PROFESSIONAL

3amMopo3Ka BpYy4HYyO Posjgres

VACUUM FREEZE

MIPUHYAWTE/TBHAS 3aMOPO3Ka BePCHI CTPOK C Xmin yir060ro Bo3pacTa
ToT e 3¢pdexT u npu VACUUM FULL, CLUSTER

COPY ... WITH FREEZE

TIPUHYAUTEe/TbHAst 3aMOPO3Ka BO BpeMsi 3arpy3Ku
TabsmuIia Jo/pKHA OBITH CO3/laHa WJIK OITyCTOLlIeHa B TOU ke TPaH3aKI[|UU
MOTYT HapyIIaThCs TTPaBU/Ia U30ISILIUM TPaH3aKLIUN
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NHorga 6biBaeT yao6HO ynpaB/isTh 3aMOPO3KO BPYUHYHO, a HE A0XNAATbLCS
aBTOOUUCTKM.

3amMOop0o3Ky MOXHO Bbl3BaTb Bpy4YHyto komaHgo VACUUM FREEZE —
npun aTom 6yayT 3aMOpPOXEHbI BCe BEPCUM CTPOK, 6e3 ornsaakn Ha Bo3pacT
TpaH3akuuin. Npu nepectporike Tabnmubl kKomaHgamm VACUUM FULL nnn
CLUSTER Bce CTpOKM TakKe 3aMopaknBaloTCA.

https://postgrespro.ru/docs/postgresqal/16/sgl-vacuum

[aHHble MOXXHO 3aMOPO3UTb U NPW Ha4YaslbHOM 3arpy3ke ¢ NOMOLLbHO
komaHgbl COPY, yka3as napametp FREEZE. [ins atoro Taénunuya gosmkHa
6bITb co3gaHa (unv onyctoweHa komaHgon TRUNCATE) B Tou xe
TpaH3akumn, 4to n COPY. MOCKO/bKY A/151 3aMOPOXEHHbIX CTPOK AEACTBYHOT
oTAesibHbIe NpaBuia BUANMOCTU, Takne CTPoKM 6yayT BUAHbI B CHUMKaX
[AHHbIX APYrMX TpaH3aKUMii B HapyLLeHME 00bIYHbIX NpaBua N3018UMK

(31O KacaeTcs TpaH3akuuii ¢ ypoBHeM Repeatable Read nnu Serializable),
XOTH 006bIYHO 3TO He NpeAcTaBsSeT NPobneMbI.

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




ITorm Pogga’?éﬁ

MHOroBepCMOHHOCTh TpebyeT OUMCTKU CTapbiX BePCHil CTPOK

00BIUHAA OYUCTKA — KaK IMMpaBWJ/I0O B dABTOMATHY€CKOM peXXHUME
T10/IHAasA OUMCTKA — B SKCTPEHHBIX C/Iydasax

[TeperosHeHWe CUeTUMKa TPaH3aKIUM TpebyeT 3aMOpPO3KU

Hosrve TpaH3aKLUK U OHOMOMEHTHOe 0OHOB/IeHHe 0O0/bILIOTO
obbeMa /IaHHBIX TIPUBOASAT K rpobsieMam

THGJII/I]_U:I W MHAEKChI YBE/IMYWMBAIOTCA B Pa3Mepax
MHOT'OKPAaTHO CKAHWPYIOTCA MHAEKCHI IIPU OUYUCTKE

22



of] PROFESSIONAL

[1pakTnKa Pos{gres

1. B memoHcTpaiyy ObI7I0 TTIOKa3aHO, YTO TIPU 0OHOBIEHUU BCEX
CTPOK TabnuIiel 01HOM KoMaH[0i1 UPDATE 00beM JJaHHBIX
Ha ICKe YBeJIMUMBAeTCs BIBOE.
[TpopenaiiTe CXOMHBIN SKCIIEPUMEHT, HO OOHOB/IsSIHTE TaO/IUIY
HeOO/bIIMMY TIaKeTaMU CTPOK, uepeyst 0OHOB/IEHUe C 3aITyCKOM
OUMCTKH.
Kak cunbHO yBeinumiach Tabauila Ha 3TOT pas?

2. CpaBHuTe BpeMsl, 32 KOTOPOE YIa/ISIOTCSI BCe CTPOKU TaOJUIbI
1pu ucro/ib3oBaHuU KoMaH DELETE 1 TRUNCATE.
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1. C pa3amepom naketa MOXHO 3KCNepMMeHTUPOBaTh; BO3bMUTE, Hanpumep,
1 % OoT uncna CTpoK B Tabnuue.

[Nna nakeTHon 06paboTKM HYXXHO peLlnTb, Kak MUMEHHO BbloupaTb N CTPOK
N3 UMEKLLNXCA B Tabnmue.

YuTtute, 4to 06paboTKa Kakoro-1o nakera MoXeT (B NpUHUMIE) 3aBepLUNTLCA
oLn6KOM. BaxkHO, YTOObLI 3TO HE NOBNNAIO HA BO3MOXHOCTb NPOAO/IHKNTL
06paboTKy 1 AOBECTUN ee 00 KOHUua. Hanpumep, ecnm Bblorpatb CTPOKN NO
AnanasoHam 3HavYeHun ngeHTudmkaropa, To Kak onpeaenunTb, Kakme rnakeTbl
ycrewHo o6paboTaHbl, a Kakme — HeT?

2. Bocnonb3yitecb komaHgom psql \timing.



1. IIakeTHOE OOHOBJICHHE

=> CREATE DATABASE arch_vacuum;

CREATE DATABASE

=> \c arch_vacuum

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

Co3gapuM TabnuIy, CXOTHYIO C TOH, YTO HCIIONIb30BasIach B HEMOHCTPAIUY, U HAIIOJIHUM €€ HaHHEIMU:

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

);

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

II71s1 yIpOIeHUs 3aauy MBI OTKa3aIuCh OT CTOJIOa ¢ BHeIHUM xpaHeHueM (TOAST), a JOIOTHUTEIbHEIH CTOI0e1]
processed IPUTOOUTCS HAM IJIsI TAKETHOTO OOHOBIIEHUS.

Pa3mep TaGIHIIBL:
=> SELECT pg_size_pretty(pg_relation_size('t'));

pg size pretty

5096 kB
(1 row)

Eme pa3 npoBepHuM NOKa3aHHOE B feMOHCTpanuyu. OGHOBIIsIEM BCe CTPOKHU:
=> UPDATE t SET n = n + 1;

UPDATE 100000

Pa3mep TabnuLE ociie 00HOBIIEHUS:

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

pg_size pretty

10192 kB
(1 row)

Tabnuia yBenu4yuiiach B iBa pasa.

Temeps HaM HA[O OYUCTUTH TAOIUITy, ITO3TOMY 3a0HO 3ace4eM BpeMs BHIOIHeHus KoMaHasl TRUNCATE:
=> \timing on

Timing is on.

=> TRUNCATE t;

TRUNCATE TABLE
Time: 19,458 ms

=> \timing off

Timing is off.

3aHOBO BCTABJIsIEM T€ XK€ 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)



IIns1 TOro 4TOoOB KOHTPONUPOBATh oOpaboTaHHbIe CTPOKY, OyoeM UCIIonb30BaTh cToberl processed. st ynobcTsa
co3manuM GYHKITHIO, BHIIONTHSIONIYI0 OOHOBIIEHNE ITaKeTa CTPOK, IPUYEM pa3Mep IIaKeTa 3aJaeTcs TapaMeTpPoM:

=> 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

IIpennoxenne FOR UPDATE SKIP LOCKED 6ynmeT nogpoGHee pacCMOTPEHO B TeMe «BiokupoBKu». Tako# criocob mact
Heo0X0OuMoe KOJIMYeCTBO HeoOpaboTaHHEIX CTPOK (M3 YHC/Ia MMEIOIIKNXCS B TaOIHIle), IPUYeM BHIIOITHEHUE He OymeT
3afepKaHO APYTUMHU OOHOBIEHUSIMHU, KOTOPEIE MOTYT BHITIOJIHATHCS B 9TO XK€ BpeMsi. YIOOHO TakXkKe, YTO 9TOT CIOC00 He
TpebyeT BBIYNCIIEHUS KaKUX-1u0o gquana3oHos. OOHOBIEHHE IPOCTO Hafo IPOAOJIXKATE A0 TeX IIOp, ITI0Ka B Tabiulle He
ocTaHeTCs HeoOpPabOTaHHBIX CTPOK.

ITockoneky BeimonHeHue KoMaHnsl VACUUM He pomyckaeTcs B 6JI0Ke TpaH3aKIUY, BOCIOIb3yeTcsl cpencTBamu bash,
4TOOBI BEIIIOJIHUTE HYKHEIE KOMAaH[IEL:

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

TIpoBepuM, YTO BCe CTPOKU 06GPaGOTaHEI:

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

Pa3mMep TaGIHIBI TOCIE TAKETHOT'O OOHOBJIEHUS:
=> SELECT pg_size_pretty(pg_relation_size('t'));

pg size pretty

5216 kB
(1 row)

Tabnuna yBenudyuiach 4yTh Oonblue, 4eM Ha 2%.

2. YoaneHHue CTPOK

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

DELETE 100000
Time: 81,043 ms

=> \timing off
Timing is off.

Vnanenue Bcex ctpok komaunou DELETE BrimonHseTcs 3HauuTenbHO ponbine, yeM TRUNCATE. Kpome Toro, mocne
DELETE B Tabmnule ocTamTCs yAaJleHHBEe BEPCUU CTPOK, KOTOPHIE NOJIZKHEI OBITH OYHUITIEHBHI.

ITo mpurnuny pabotsl komanna TRUNCATE HanomuaaeT VACUUM FULL: oHa 3aMeHsIeT (aiiyl JaHHLIX HOBLIM (IIyCTHIM)
daiinom, u OIS 3TOTO MOJTHOCTHIO OIIOKUPYyeT paboTy ¢ TabauIled o APYyTruxX TPaH3aKIIWH.



