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o) PROFESSIONAL

Tembl Posy.gres

ABTOMarrueckKasi OU4MCTKa (autovacuum)
ABTOaHA/N3
HacTtpouka npoijecca aBTOOUHNCTKU

HEPEHOHHEHI/IE HOMEpPd TPdH3dKIIMHX N 3dMOPO3Kd



o) PROFESSIONAL

ABTOMaTyeckas ouncrTka Posjgres

PaboTaeT aHa/IOTMYHO PyYHOU OUHCTKE

BrImnosHsieTcst IepuogruyeCkKm

171s1 TaG/IULY C orpe/ie/IeHHBIM KOJTMUe CTBOM M3MEeHEeHUM
B TOM UHCJie s toast-TabsuI]

IIporecc autovacuum launcher

MOCTOSIHHO 3aryIrieH
TMJIaHUPYeT 3aryck paboumx MpoljeccoB

[Tporiecchl autovacuum worker

3aryCKaroTCsl TPOoL[eCcCcCoM postmaster 1o rnpockbe autovacuum launcher
MOJK/IIOUAr0TCS K 3aZilaHHOU B/I, mepebOrpaloT ¥ OUMIIat0T TaOMUI[bI


http://www.postgresql.org/docs/9.5/static/routine-vacuuming.html#AUTOVACUUM

o) PROFESSIONAL

Autovacuum launcher Posigres

AJITTOPUTM

17151 KaKIoM 6a3bl JaHHBIX (B KOTOPOM €CTh aKTUBHOCTD )
3aMycKaTb paboumii rpoliecc pa3 B autovacuum_naptime

KO/IMUeCTBO paboumx IpolieccoB < autovacuum_max_workers

Hactpouku

autovacuum = on
track _counts = on

KONM4ecTBo
0[IHOBPEMEHHO
o6pabaTtbiBaeMbIx
Tabnuy,

autovacuum_naptime = 60 s
autovacuum_max_workers = 3



o) PROFESSIONAL

Autovacuum worker Posigres

AJITTOPUTM

BBITIO/THATB 110 ouepeii OUMCTKY Bcex Tabsui] (Bkarodasi TOAST),
B KOTOPBIX UMCJIO HEHY>KHbIX BEPCUH CTPOK TIPEBBIIIIAET

autovacuum_vacuum_threshold +
+ autovacuum_vacuum_scale_factor * uucao cmpok 8 mabauye

d TdK’Ke BBIIIO/IHATH dHdJ/IN3 BCeX Ta6J'II/IL[,
B KOTOPbIX UHNCJ/IO U3MEHHUBIINXCA Bepcnﬁ CTPOK IIPpEBLIIIAET

autovacuum_analyze_threshold +
+ autovacuum_analyze_scale_factor * uucio cmpok 8 mabauuye

B ofiHOM B/l MoryT napasiienbHO paboTaTbh HECKOIBKO MPOLIeCCOB



o) PROFESSIONAL

Autovacuum worker Posigres

HacTponku OUUCTKH

onpegensior,
Kakve Tabnmubl
Hafo ounLaThb

autovacuum_vacuum_threshold = 50
autovacuum_vacuum_scale factor = 0.2

[TapameTpbl XpaHeHUs TabJIUL]

autovacuum_enabled paspeuleHue asmoouucmku
toast.autovacuum_enabled Ha yposHe omoe/nbHOoll mabauuybl

autovacuum_vacuum_ threshold
toast.autovacuum_vacuum_ threshold

autovacuum_vacuum_scale factor
toast.autovacuum_vacuum_scale_factor


http://www.postgresql.org/docs/9.5/static/runtime-config-autovacuum.html
http://www.postgresql.org/docs/9.5/static/sql-createtable.html

Autovacuum worker

HacTtpoviku aHanuv3a

autovacuum_analyze_threshold = 50
autovacuum_analyze_scale_factor = 0.1

[TapameTpbl XpaHeHUs TabJIUL]

autovacuum_analyze_threshold
autovacuum_analyze_scale_factor

o) PROFESSIONAL

Posy,gres


http://www.postgresql.org/docs/9.5/static/runtime-config-autovacuum.html
http://www.postgresql.org/docs/9.5/static/sql-createtable.html

o) PROFESSIONAL

Autovacuum worker Posigres

HacTpoviku fj1s1 perympoBaHusi Harpy3Ku

autovacuum_vacuum_cost_limit = -1 o Smpepenmor
(ripu —1 ucnonb3yeTtcs Vacuum_cost_limit) a6y

autovacuum_vacuum_cost_delay = 20 ms
(mpu —1 ucnonw3yeTcs vacuum_cost_delay)

vacuum_cost_page_hit, vacuum_cost_page_miss, vacuum_cost_page_dirty

[TapameTpbl XpaHeHUs TabJIUL]

autovacuum_vacuum_cost_limit
toast.autovacuum_vacuum_ cost_limit

autovacuum_vacuum_cost_delay
toast.autovacuum_vacuum_cost_delay


http://www.postgresql.org/docs/9.5/static/runtime-config-resource.html#GUC-VACUUM-COST-DELAY

o) PROFESSIONAL

Autovacuum worker Posigres

HacTtponku namsaru

autovacuum_work mem = -1
(mpu —1 ucnonk3yeTcs maintenance_work_mem)

maintenance_work _mem = 64MB

HaCTPOMKU JIeMCTBYIOT /ISl KaXKI0ro pabouero mpoiiecca

OosbIIMI 00beM NaMSITH YMeHbIaeT U30bITOUHYI0 00paboTKy
WMHJIEKCHBIX CTPaHMI]


http://www.postgresql.org/docs/9.5/static/runtime-config-resource.html#GUC-MAINTENANCE-WORK-MEM

o) PROFESSIONAL

[Toaxon K HacTpouke Posigres

ITouck Oajanca

Me)K/ly pa3pacTaHueM Tab/vl] M HaK/JdaJHbIMUA pacxoamMmu

OCHOBHBIE MTapaMeTphbl

autovacuum_vacuum_threshold, autovacuum_vacuum_scale_factor
autovacuum_max_workers

autovacuum_vacuum_cost_limit, autovacuum_vacuum_cost_delay
MH/IVBUIyabHasl HACTPOMKa Ba)KHBIX Ta0/KIl apaMeTpaMH XpaHeHUsI

TepaTUBHBIM IPOLECC

MOHMTOPHHI aBTOOUMCTKH: log_autovacuum_min_duration
MOHUTOPHUHI pa3pacTaHus TabJIui]

MOHUTOPUHI ouepeay Tab/IuL], OKUIAIOIIUX OUHMCTKU
MOHUTOPHUHT Harpy3KU Ha JAWCKU IpU paboTe OUMCTKH
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CuyeTumnK TpaH3aKkunm Pogza’i%“é
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o) PROFESSIONAL

3aMopo3Ka Pos}gres

TpaH3akiuy nmomnaiarT U3 NPOIIOro B Oyayiiee?

M3-3a LUKJIUNYHOCTH HOMEPOB TPaH3aKIUU
eCJId 3TO IPOU30U/IET, JaHHbIEe TTOTEePSIIOT COIJIaCOBAHHOCTh

E1je ogHa 3afaya Ipoiiecca OUMCTKU
TPpdH3dKLIMHW, U3MEHEHNS KOTOPbIX BH/HBI BO BC€X CHHUMKAX,
IIoOMedaroTCA CIielijiia/IbHBIM O6PEBOM U CYUTAIOTCA «3dMOPOXEHHBIMM»

HCKJIFOUeHHe 13 TIpaBUl BUAUMOCTU BepCHUU CTPOK:
3aMOpOyKeHHbIe TPaH3aKI[MH CUATAIOTCS CTapiile THOObIX 0ObIUHBIX

ec/u B OynyliileM OKa3bIBaeTCs He3aMOpOyKeHHas TpaH3aKLIys,
PostgreSQL ocTaHaB/MBaeTCs 14 rpeA0TBpall[eHUsI HeCOr/laCOBaHHOCTHU

12


http://www.postgresql.org/docs/9.5/static/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND

o) PROFESSIONAL

3aMopo3Ka Posigres
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3aMopo3Ka

vacuum_freeze _min_age

VR g
‘f

3aMOpOXeHHas
TpaH3akuus

N

vacuum_freeze table age

autovacuum_freeze_max_age

o) PROFESSIONAL

Posy,gres

vacuum_freeze_min_age

MMWHMMaJIbHBIM BO3PacT,
C KOTOPOro 0ObIYHasi OUKMCTKA
HauyWHaeT 3aMOPO3KY

vacuum_freeze_table_age

BO3pPaACT, IIPXA KOTOPOM BBbIIIOJ/IHAETCA
ITOJ/IHO€ CKdHMPOBdAHHKE

autovacuum_freeze_max_age

BO3pacT, TIP¥ KOTOPOM 3aMOpO3Ka
3aryCKaeTCsi TIPUHYIUTETbHO

oripenesiset pasmep CLOG

14



o) PROFESSIONAL

3aMopo3Ka Posigres

Hactpouku
vacuum_freeze_min_age = 50000 000
vacuum_freeze_table_age =150 000 000

autovacuum_freeze_max_age = 200 000 000

[TapameTphnl xpaHeHUs TabIMI]

autovacuum_ freeze_min_age
toast.autovacuum_freeze_min_age

vacuum_freeze_table_age
toast.vacuum_freeze_table_age

autovacuum_ freeze_max_age
toast.autovacuum_freeze_max_age

15



3aMopo3Ka Pogzgi%g

HacTtpoviku ajs multixact

vacuum_multixact_freeze_min_age = 5000000
vacuum_multixact_freeze_table_age =150 000 000
autovacuum_multixact_freeze_max_age = 400 000 000

[TapameTphnl xpaHeHUs TabIMI]

autovacuum_multixact_freeze_min_age
toast.autovacuum_multixact_freeze_min_age

vacuum_multixact_freeze_table_age
toast.vacuum_multixact_freeze table_age

autovacuum_multixact_freeze_max_age
toast.autovacuum_multixact_freeze_max_age

16



3aMopo0o3Ka BPYYHYHO Pogza’?é“é

VACUUM FREEZE

MpHUHYAUTEeIbHAs 3aMOPO3Ka TpaH3aKI[1i JIFo00ro Bo3pacTa
TOT Ke 3pdekT 1 npu VACUUM FULL

COPY ... WITH FREEZE

MIPUHYAWTEe/IbHAs 3aMOPO03Ka Cpa3y I10C/ie 3arpy3Ku
Tab/Mila A0/DKHA OBITH CO3/laHa WK OITyCTOIIleHa B TOM ke TpaH3aKI[uU

3aMOpO’KEHHbIE JIaHHbIe CTAHOBATCS BU/HBI Cpa3y —
HapYIIarTCS [MpaBr/ia U30JISLIMA TPAH3aKLIUK

17



OOOOOOOOOOOO

[1eMOHCTpaLums Pos}gres

p

$ psqgl
postgres=#
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/ITOTU Pogga’?é“é

ABTOMaTHUeCKasi OUMCTKA 3dITYCKdEe€T OUHNCTKY U dHAJIN3 Ta6J'II/IL[,
ANHAMHWYECKHY pedlrupyda Hd UBMEHEHHA OdHHbIX

KpoMe ocBoOOXKIeHMST MecTa Ha CTpaHULle
IPOL[eCC OUMCTKU BBITIOJIHSIET BaXKHYIO 3a/jauy 3aMOPO3KU

ABTOOUHCTKA [I0MTyCKAaeT TOHKYI HaCTPOUKY
Ha YPOBHe KaK CUCTeMBI, TaK U OT/eIbHbIX TaOIMI]

HacTpolika aBTOOUMCTKY — UTepaTUBHbLIM MOMCK OanaHca

19



[MpakTuka po§23?3“§

HacTpouTtk aBTOOUMCTKY Ha 3amnyckK rnpu usMmeHeHuud 10% CTpok,
BpeMs «CHa» YCTaHOBUTH B OAHY CEKYH/]Y.

Co3narb 0a3y jaHHbix DB6, B Heli co3iaTh UM MpoaHaIM3UPOBaTh Tab/IUIly
c 100 000 cTpok.

IlecsiTh pa3 C UHTEPBAJIOM B HECKOJILKO CEKYH/] U3MEHSTh TaO/IULly
niopiusamu mo 5 000 cTpok.

CKomnbKO pa3 oTpaboTasia aBToourcTKa? Ha cko/bKo pa3pociack Tabnuiia?
CoBIa1atoT /I pe3y/lbTaThl C OKUAAeMbIMU U KaK UX 00BbSICHUTD?

[ToBTOpPUTH TYHKT 2 C pyrou Tabnuiie;

3aTeéM BO BTOPOM CeaHCe C03/aTb CHUMOK [JaHHBIX,
BK/TFOUAIOLLIUM TeKyII[e BepCUU CTPOK Tab/IUIIbI;
3aTeM IMOBTOPUTH ITYHKT 3;

OCJIe 3TOr0 3aBepIInTh BTOPOU CeaHC.

CpaBHUTH HOBBIE Pe3yJIbTaThl C MPEAbIAYIAMHU.

20


http://www.postgresql.org/docs/current/static/pgstattuple.html
https://wiki.postgresql.org/wiki/Show_database_bloat
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Pos{gres

ABTOOUYUNCTKA
N 3aMOpO3Ka

ABTOpCKUMe npaBa

Kypc «AamuHucTpupoBaHme PostgreSQL 9.5. PaclUMpeHHbIn Kype»
© Postgres Professional, 2016 rog.

ABTOpbI: Erop Poros, NaBen JlysaHoB

Wcnonb3oBaHue MaTtepuasioB Kypca

Hekommepueckoe Ucnosib3oBaHMe maTepunasioB Kypca (npeseHTtauumu,
AeMOHCTpauumn) paspeluaertca 6e3 orpaHmyeHnii. Kommepueckoe
MNCNOIb30BaHNEe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLEHNs KoMNaHum
Postgres Professional. 3anpellaercs BHeECEHNE U3MEHEHNI B MaTepuabl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHNA HanpaBnanTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKakoi OTBETCTBEHHOCTM 3a
No6ble NoBpexXaeHUs 1 YObITKKN, BK/IoYas NoTepto A4oxXo4a, HAHECEHHbIe
MNPAMbIM NN HENPAMbIM, CNeUnasibHbIM WX CyYalHbIM UCMO/Ib30BaHMEM
mMaTtepuasioB kypca. KomnaHusa Postgres Professional He npegocTtasnsaer
Kakux-nmbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasbl Kypca
NpeaocTaB/ISTCA HA OCHOBE MPUHLMNA «KakK eCTb» U KoMnaHusa Postgres
Professional He 0653aHa nNpefocTaBNATb CONPOBOXAEHME, NOALEPXKKY,
0OHOBNEHNA, paclUNPEHNA N USMEHEHUS.



off PROFESSIONAL

Tembl Posggres

ABTOMaTHUeCKasi OUMCTKa (autovacuum)
ABTOaHanu3
HacTpolika riporjecca aBTOOUHUCTKH

HEPEHOHHEHI/IE HOMepPd TPaH3dKIIUH XU 3dMOPO3Kd



off PROFESSIONAL

ABTOMaTHyeckass ouncTKa Pos}gres

PaboTaeT aHa/IOrMUHO PYYHOW OUMCTKe

BeimonxsieTcs nepuoanydeCckKu

JUIst TabJINL] C OTIpe/ie/IeHHBIM KOJIMYeCTBOM H3MeHeHHU
B TOM UMCJIe /IS toast-TabsIui]

I[Tporjecc autovacuum launcher

TOCTOSIHHO 3aryIleH
TJIaHUpYeT 3arycK pabourx MpoLieccoB

ITporieccer autovacuum worker

3amyCKaroTCs TIPoLieccoM postmaster o rmpock6e autovacuum launcher
TIOAK/TIOUAIOTCS K 3afiaHHoM B/I, mepeOGUparoT ¥ OUMIIAIOT TabOIULIbI

ABTOMaTM4yeckKas ouncTka — MexaHunsm, No3BOosIAKLWMIA 3anycKkaTb 0ObIYHYIO
O4YMCTKY B onpenenieHHble MOMEHTbI BpEMEHU, B 3aBUCUMOCTN OT
KO/myecTBa M3MeHeHun B Tabnmuax. 1o yaobHee, yem 3anyck no
pacnucaHuto (cron), NOCKOSbKY YUNTbIBAET AUHAMMUKY CUCTEMBI.

[py BK/OYEHHOI aBTOOUMCTKE B CUCTEME BCErAa NPUCYTCTBYET OfVH
npoLecc — autovacuum launcher, KOTOpbIii 3aHUMAETCst NIaHMPOBAHNEM
Pa6oThl. PeasibHy0 OYMCTKY BbINOMHSAOT NPOLECcChl autovacuum worker,
HEeCKO/IbKO 3K3eMMNISAPOB KOTOPbIX MOryT paboTaTb napasifienbHo.

Mpovecckl autovacuum worker 3anyckarTcs npoLeccomMm postmaster no
npocbbe autovacuum launcher (NockosibKy MMEHHO postmaster oTBevaeT 3a
NOpoXAeHNe BCEX HOBbIX NPOLECCOB).

http://www.postgresqgl.org/docs/9.5/static/routine-vacuuming.html
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Autovacuum launcher Posigres

Ajiroputm
TS Ka>KIol 6a3bl JAHHBIX (B KOTOPOM eCTh aKTUBHOCTB )
3aryckarb pabounii poriecc pa3 B autovacuum_naptime
KOTMYeCcTBO pabouMx IpoLeccoB < autovacuum_max_workers

Hactporiku
autovacuum = on
track_counts = on
autovacuum_naptime = 60 s
autovacuum_max_workers = 3

KONM4ECTBO
O/JHOBPEMEHHO
obpabarbiBaeMblx
Tabnmy,

Mpouecc autovacuum launcher coctaBnsaeT cnUcok 6a3 faHHbIX, B KOTOPbIX
eCTb Kakas-mb0o akTUBHOCTb (TOYHee, A/ KOTOPbIX cobunpaeTcsa
cTatnucTuka).

HoBblii paboumnii npouecc 3anyckaercs pa3 B autovacuum_naptime ans
kKaxxaoi B, (To ecTb Npu Hasimumm N 6a3 npouecchl 6yayT nopoxaarbcsi B N
pa3 yaule). Obulee Kom4yecTso pabounx nNpoLeccoB orpaHNyYeHo
napameTpoB autovacuum_max_workers.

[ns Toro, YTO6GbLI aBTOMAaTMYECKas O4MCTKa paboTana B NpuHUune, AOSKHbI
ObITb YCTAHOBNEHLI NapaMeTpbl autovacuum u track _counts. NMNocnegHum
BK/1tOYaET CO0pP CTaTUCTUKMN.



off PROFESSIONAL

Autovacuum worker Posigres

Ajiroputm

BBITTOJTHSTH TI0 OUYepeJr OUMCTKY Bcex Tabuil (Bkmouas TOAST),
B KOTOPBIX UHCJIO HEHY>KHBIX BEPCHI CTPOK TPEBbIIIAeT

autovacuum_vacuum_threshold +
+ autovacuum_vacuum_scale_factor * uucao cmpok 8 mabauye

d TaK>Ke BBITIO/IHATH dHAJ/IN3 BCeX T¢':16J'II/ILI,
B KOTOPBIX UMCJIO U3MEHHUBIINXCSA BepCI/Iﬁ CTPOK IIPEBLIIIAET

autovacuum_analyze_threshold +
+ autovacuum_analyze_scale_factor * uucao cmpok 8 mabauye

B ofHoM b/l MoryT napasiesibHo paboTaTh HEeCKOIBKO TIPOLIeCCOB

Pabounii npouecc noakoyaeTca K ykazaHHOM 6a3e AaHHbIX U CTPOUT
CMMCOK BCEX TabnumL, MmaTepnann3oBaHHbIX NpeacTaBieHnii n toast-tabnuu,
TPeOyLWMX OYNCTKN — Y KOTOPbIX YNC/0 HEHYXHbIX («MEPTBbIX») BEPCUIA
CTPOK NpPeBbILAET NOPOroBoe 3HaYeHne, 3ajlaHHoe ABYMS NapameTpamu:

- autovacuum_vacuum_threshold onpeaenset abCoOTHbIAN MUHUMYM,

- autovacuum_vacuum_scale_factor onpegensiet oTHOCUMTENIbHYI0 107110
N3MEHMBLUNXCS CTPOK.

A Takxe CTPOUT CMMCOK 06EKTOB, TPEOYOLNX aHaIM3a — Y KOTOPbIX
YMCNO0 M3MEHEHHbIX BEPCUIA CTPOK NPEBbLILLAET NOPOroBOe 3HAYEHNe,
3a/laHHOe [ABYMS1 aHa/10rMYHbIMU NapamMeTpamiu;

- autovacuum_analyze_threshold,
- autovacuum_analyze scale factor.

Mpwn 3TOM YMCNO CTPOK onpeaensieTcs NPUoIN3NTENbHO, MO aHHbIM
CTaTUCTUKN:

- obulee uncno — pg_class.reltuples,
- UNCNO HEHYXHbIX — pg_stat_all tables.n_dead_tup,
- YUMCo U3MeHeHHbIX — pg_stat_all tables.n_mod_since_analyze.

Jlanblie NpPoLecc no oYepeamn ounLLLaeT U/MIn aHanm3npyeT oTo6paHHble
06BEKTbI U MO OKOHYAHMM OUYNCTKUN 3aBepLLAETCS.

B ogHoi B[l MOryT oqHOBPEMEHHO paboTaTb HECKO/ILKO NPoueccoB. B aTom
cny4dae oAuH npotecc éyaeT nponyckarb 0ObLEKT, Haf, KOTopbIM paboTaeT
Apyron npotecc.



off PROFESSIONAL

Autovacuum worker Posigres

HacTtpoliky ouncTku

onpeaensior,
Kakve Tabnuupbl
Haj0 ounwaTb

autovacuum_vacuum_threshold = 50
autovacuum_vacuum_scale factor = 0.2

[TapaMeTpbl XpaHeHUsI TabJTHI]

autovacuum_enabled paspeuueHue agmooyucmku
toast.autovacuum_enabled Ha yposHe omoe/nbHOU mabauybl

autovacuum_vacuum_threshold
toast.autovacuum_vacuum_threshold

autovacuum_vacuum_scale_factor
toast.autovacuum_vacuum_scale_factor

HacTpoiikn no ymonyaHuio npegnosiaratoT BbI30B aBTOOUNCTKN NPU
N3MeHeHun Tabnuubl Ha 20%. 3To A0CTATOYHO 60/IbLLIOE 3HAYEHME:
aBTOOUNCTKaA OyAeT Bbl3blBaTbCS PeAKo, HO paboTtarb byaeT Aonro,
0CO06EeHHO a5 60MbLLUNX Tabnu.

B cnyyae He06X04UMMOCTUM, MOXHO HACTPOUTL 3TN NapamMeTpbl Ha YPOBHE
oTAe/bHbIX Tabnuy, ¢ NOMOLLLI0 NapaMeTpoB XpaHeHUsA (create table ... with
(napameTp=3HayeHue)). NMNpnyem napameTpbl MOXHO OTAE/bLHO HacTpanBaTb
ans toast-rabnuu.

Kpome TOro, Ha ypoBHe OTAEe/IbHbIX TabnL, aBTOOUNCTKY MOXHO OTK/HOUNTD.
http://www.postgresgl.org/docs/9.5/static/runtime-config-autovacuum.html
http://www.postgresqgl.org/docs/9.5/static/sql-createtable.html
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Autovacuum worker Posigres

Hacrpoiiku aHanmsa

autovacuum_analyze_threshold = 50
autovacuum_analyze_scale_factor = 0.1

[TapaMeTpbl XpaHeHUsI TabJTHI]

autovacuum_analyze_threshold
autovacuum_analyze_scale_factor

HacTpoiikn no ymon4aHuio npegnosiaratoT BbI30B aBTOaHaIM3a npu
N3MeHeHun Tabnuubl Ha 10%.

B cnyyae Heo6XxoAMMOCTN, MOXHO HACTPOUTb 3TU NapamMeTpbl Ha YPOBHE
OTAE/bHbIX TAGMNL, C MOMOLLbIO NapaMeTPoB XPaHEHUS.

Toast-Tabnuubl He aHa/IM3NPYOTCS, MO3TOMY COOTBETCTBYHOLLNX
napameTpoB [N151 HAX HET.

http://www.postgresgl.org/docs/9.5/static/runtime-config-autovacuum.html
http://www.postgresqgl.org/docs/9.5/static/sql-createtable.html
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Autovacuum worker Posigres

HacTtpoiiku 151 perynvpoBaHys Harpy3Ky

onpeaensiot
CKOPOCTb OYUCTKM
Tabnuy

autovacuum_vacuum_cost_limit = -1
(pu —1 ucnonb3yeTcs vacuum_cost_limit)

autovacuum_vacuum_cost_delay = 20 ms
(mpu —1 ucnosnb3yercs vacuum_cost_delay)

vacuum_cost_page_hit, vacuum_cost_page_miss, vacuum_cost_page_dirty

[TapaMeTpbl XpaHeHUsI TaOJTHUI]

autovacuum_vacuum_cost_limit
toast.autovacuum_vacuum_cost_limit

autovacuum_vacuum_cost_delay
toast.autovacuum_vacuum_cost_delay

PerynupoBaHue Harpysku npyv asToMartuyeckoin o4ncTke paboTaeT Tak Xe,
Kak 1 npu 06bl4HO. OgHAaKO CyecTBYHT AOMNOHUTENbHbIE NapaMeTpbl
autovacuum_vacuum_cost_limit n autovacuum_vacuum_cost_delay,
KOTOpble, eC/IN He paBHbI -1, NepekpbIBaloT NapameTpbl vacuum_cost_limit 1

vacuum_cost_delay.
Takxe 3TK napameTpbl MOryT YKa3blBaTbCsl U HA YPOBHE OTAE/bHbIX Tabnuy,

http://www.postgresqgl.org/docs/9.5/static/runtime-config-resource.html
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HacTtpoviku namsitu

autovacuum_work mem = -1
(mpu —1 ucnonb3yeTcs maintenance_work_mem)

maintenance_work_mem = 64MB

HACTPOMKH JIeHCTBYIOT [/Is KaXX/0ro pabouero mpotiecca

OosbIHiA 06BeM MaMSITH YMeHbIIIaeT U30bITOUHYI0 00paboTKy
WH/IEKCHBIX CTPaHUI]

Kpome HacTpoek, BAMSIOLLIMX Ha TO, KOrAa U Kak pa6otaTtb Npoueccy
aBTOOUYMCTKM, ECTb BO3MOXHOCTb OTPEry/IMPOBATh BblAeNSEMYI0 NamMsATb A5
pabounx npoteccos (autovacuum worker).

Mo ymonyaHuio pasmep namaTn orpaHuyeH napamMmeTpom
maintenance_work_mem, KOTOpblil 4eACTBYET He TO/IbKO Ha aBTOOYUCTKY,
HO 1 Ha BCe OCTaslbHble (DOHOBbIE NMpouecchl (HO He Ha NpoLecchl,
obcnyxuBarume KNMeHTOB — NPO HUX ByAeT UATU OTAENbHbIN Pa3roBop B
Teme «/Icnonb3oBaHMe NamAaTm»).

O6bI4YHO 3TOT NapamMeTp MOXXHO YCTaHOBUTb B OCTATOYHO 60/1bLLOE
3HayeHune, NocKoIbKY (DOHOBBIX NPOLECCOB He Tak MHOro. OgHako Yncio
pabouynx nNpoLeccoB aBTOOUUCTKM (perynnpyemoe napameTpom
autovacuum_max_workers) MOXeT ObITb 60/IbLUNM, MO3TOMY ANA HUX
MOXHO HaCTPOUTb OTAe/IbHOe OrpaHnyeHne ¢ NoMoLLbIo napamerpa
autovacuum_work_mem.

B npuHumMne, aBToounCTKa MOXET pabotarb U C MUHUMa/IbHbIM 06BEMOM
namaTn. Ho ecsiv Ha Tabnuue co3gaHbl MHAEKCHl, TO YeM MeHbLUe
BblZEe/1eHO onepaTnBHOM NaMsATh, TEM Bbllle BEPOSATHOCTb NOBTOPHOM
06paboTKN OOHUX N TEX Xe UHAEKCHbIX CTPaHUL, — crefoBartesibHo,
aBToOOUNCTKa byaeT pabotarb MeanieHHee.

http://www.postgresql.org/docs/9.5/static/runtime-config-resource.html
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ITouck OGanmaHca

Me>Ky pa3pacTaHyeM Tab/ui] U HaK/IaJHBIMU PacXoAaMu

OCHOBHbIE TTapamMeTphI

autovacuum_vacuum_threshold, autovacuum_vacuum_scale_factor
autovacuum_max_workers

autovacuum_vacuum_cost_limit, autovacuum_vacuum_cost_delay
VH/IMBU/lya/ibHasl HACTPOMKA BaXKHBIX Tab/IUI] ITapaMeTpaMK XpaHeHHst

VTepaTUBHBIM NpOLIECC

MOHMTOPUHT aBTOOUMCTKU: log_autovacuum_min_duration
MOHUTOPUHT pa3pacTaHust Tabmuiy
MOHUTOPHUHT ouepean Tab/ull, OXKU/JAFOIINX OUUCTKH
MOHUTOPUHT HAarpy3KHW Ha JUCKU MTPU paboTe OUMCTKU
10

ABTOOUMCTKA YNpaB/sieTcs 10BONbHO 60MbLUMM YNC/IOM B3aMMOCBSA3aHHbIX
napameTpoB. B XOPOLLO HACTPOEHHOI cUCcTeEME aBTOOUMCTKA He AaeT
Tabnuuam HeafleKBaTHO Pa3pacTaTbCs, U NPU 3TOM He CO3AAET JIULLIHMX
Hak/faAHbIX PacXo/0B.

Mouck 6anaHca — utepaTuBHbIii Npouecc. Hy>XXHO BbICTaBUTb pasyMHble
Haya bHble 3HaYeHust (MCxXods U3 pa3mMepa U XxapakTepa MUCrnosb30BaHusA
Tab/11L), NPOBOANTL NOCTOSHHbIA MOHUTOPUHT 1 BHOCUTb KOPPEKTYUBBI.

YBenndyeHue threshold/scale_factor npusoguT K 60/bLLIEMY pa3pacTaHuio
TabnmL, HO OUNCTKA BbIMOJTHAETCS pexe 1 60/1bLLMMN NOPLUMUAMU (BO3MOXHbI
MUKOBbIE Harpy3kun), CyMMapHble HaknagHble pacxodbl HKe. YMeHbLUeHne
napamMeTpoB NpuBoAMT K 60/1ee Yactoil 06paboTke HEGONbLLUMMN NOPLUSMU,
HaknagHble pacxofbl B 3TOM C/iyyae Bbllle, a Tab/nvubl paspactarTcs
MeHbLLe,

[MKOBbIE HArpy3kn MOXHO NbITATbCA CrNaanTb NapaMmeTpamm
cost_limit/cost_delay, ymeHbLUaOWMMM CKOPOCTb PaboTbl OUNCTKN.

3HauveHue, 3agaHHoe napameTtpamu threshold/scale_factor, onpegenser
LW XenaemMbli MOMEHT cpabartbiBaHMs OUNCTKK. py 60NbLLIOM Yncne
CUIbHO U3MEHEHHbIX Tab/mu, NPOLLECC OYNUCTKA MOXET A0/I0 BbIMO/HATD
nTepaymo N NPUCTYNUT K 06paboTke ovepenHoin Tabnumubl Aasieko He cpasy.
B aTtom cnyyae Hago iMbo yBennumBatb CKOPOCTb PaboTbl OUUCTKN (eCnn
OHa 6bl/1a yMeHbLleHa napametpamun cost_limit/cost_delay), nnbo
yBe/IM4MBaTh YNC/10 NapasinenbHo paboTaroLwux NpoLeccoB napaMmeTpom
max_workers (4To npuBeAeT K YBE/IMUYEHNIO HaKNaAHbIX pacxoaos).
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0 ; > 2%21
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TpaH3aKums
Hauanach
paHbLue

TpaH3akuust
Havanach
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KpomMe ocBOGOXAeHNS MecTa B CTPaHULLAX, OYNCTKA BbINOHAET Takke
3a/ia4y No NpeaoTBpaLLEHMIO NPO6IEM, CBA3AHHbIX C NEPEno/IHEHNEM
cyeTymKa TpaH3aKLuiA.

Moa Homep TpaH3akumn B PostgreSQL BbigeneHo 32 6uta. 310 AOBO/BHO
60s1bWwoe uncno (0kono 4 MapAa), Ho Npu akTUBHOKN paboTe cepBepa 3To
4YMC0 MOXET BbITb McuepnaHo (Npu Harpyske 1000 TpaH3aKUnin B CEKYHAY
3TO NPOM30MAET Yepes nosTopa Mecsia HernpepbIBHOM paboThl).

Ho mexaHn3M MHOroBEepPCMOHHOCTM NonaraeTcs Ha To, YTO TpaH3aKLmm
HYMepyHTCSA Noc/1eA0BaTe/lbHO — U3 ABYyX TPaH3aKLUUiA HavaBLLencs
paHbllie cuMTaeTcsl TpaH3aKUUsi C MEeHbLLIMM HOMePOM. Tak YTo 06HYeHne
HOMepa TpaH3aKuuu Npy NepenosiHeEHMN NPUBEAET K KaTtacTpode.

MoaToMy HOMepa TpaH3akUuii «3aKo/bLIOBaHbl» — A8 Nt060I TpaH3akLmm
NO/I0BUHA TPaH3aKLUUiA HaxoamTcs B Byayllem, a agpyrasi nosioBUHa — B
MPOLLIOM.

UT0 e NponcxoamT ¢ TpaH3akuuamMun, KOTopble Haxo4unCh B Aas1eKoM
NPOLW/IOM, HO B pe3ynbTaTe paboTbl Okasasimcb B byayuiem?
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TpaH3aKLMK MoTajatoT U3 Mpolsioro B Oyayiiee?

13-3a LIMKIMYHOCTH HOMEPOB TpaH3aKL1ii
eC/IA 3TO IPOU30M/eT, JaHHbIe MOTePsIFOT COI/IaCOBAHHOCTh

E1e omHa 3a/jaua mmpoiiecca OUrMCTKH
TPAH3dKIWH, U3MEHEHNS KOTOPLIX BUIHBI BO BCEX CHUMKAX,
TI0MeUaroTCAd CrierjajbHbIM 06pa30M N CYUTAKOTCA «3aMOPOXeHHBbIMW»

HCK/TFOUeHHe U3 MPABU/I BUJUMOCTH BEPCUH CTPOK:
3aMOPO’KEHHbIe TPAaH3aKI[UKM CUHUTAIOTCS CTapiile TH00bIX 0OBIUHBIX

eciy B Oy/yIlieM OKa3bIBaeTCsi He3aMOPOyKeHHasi TpaH3aKLus,
PostgreSQL ocTaHaB/MBaeTcs JJisl IpeIOTBPAILieH s HeCOTJIaCOBAHHOCTH

12

UTO6bI HE AONYyCTUTL NyTeweCcTBMI N3 NPOLLIOro B byayulee, npouecc
OYMCTKM BbINOJHAET elle ogHy 3agady. OH HaxoouT «BeCbMa cTapble»
BEpPCUM CTPOK, KOTOPblE HE NPOCTO BUAHbI BO BCEX CHMMKaX, HO 1
N3MEHEHNe KOTOPbIX MasioBEPOATHO, 1 cneuymasibHbIM 06pa3oM nomeyaet
(«3amopaxmBaeT») Ux. 3aMopOoXeHHasa TpaH3aKLUuMs CUATAEeTCA cTapLue
NMIOObIX 0ObLIYHBIX TPAH3aKUNI — ANA HUX B MpaBuiax BUAUMOCTU BEPCUIA
cAenaHo cneynasibHoe UckyeHne. Takum o6pas3om, nonagas B dyayluee,
BEpPCUA CTPOKN BCE paBHO OCTaEeTCs B NPOLUIOM.

Ecnn BO3HMKaEeT cuTyaumsi, Npy KOTOPOM NonacTb B Byayllee pUCKyeT eLle
He 3amMopoXeHHada TpaH3akuus, PostgreSQL aBapuMiHO OCTaHOBUTCS. ITO
BO3MOXHO B ABYX Cny4yasx: MMbo TpaH3akuus He 3aBepLueHa u,
cnepoBaTtesibHO, He MOXET ObITb 3aMOpPOXeHa, /IMb0o He cpaboTasia ouncTKa.

Mpun 3anycke cepBepa TpaH3akums OyaeT aBTomaTnyecky oTkavyeHa; ganblue
aZIMUHUCTPATOP AO/IKEH BbIMNO/IHUTL OYMCTKY U MOC/IE 3TOT0 CUCTEMA MOXET
npogomkaTb pabdotarb gasblue.

http://www.postgresqgl.org/docs/9.5/static/routine-vacuuming.html
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[nsi Toro, YTOGbLI MOMETUTL HOMEP TPaH3aKLUMM XMin Kak 3aMOPOXEHHBbIN,
BbICTaB/IAOTCA OAHOBPEMEHHO 06a 6uTa-noackaskm — 6UT omkcauum n 6ut
oTKarta.

3amMeTuM, YTO TPAH3aKLMI0 XMax 3amMopaXnBaTh He HYXHO. Ee Hannune
O3Ha4aeT, UTo AaHHas Bepcus CTPOKM Gosiblie He akTyasibHa. Mocne Toro,

Kak OHa nepecTaHeT 6bITb BUAMMOW BO BCEX CHUMKAX, BEPCUsSt CTPOKN ByaeT
ouuLLieHa.

MHOrve NCTOUYHUKM (BK/HOUAast AOKYMEHTAaLMI0) YNTOMUHAKOT ChelnanbHbIl
Homep FrozenTransactionld = 2, KOTOpbIM NOMEYatOTCS 3aMOPOXEHHbIE
TpaH3akumn. Takasi cuctema gencteoBasia Ao sepcun 9.4, HO ceinyac
3aMeHeHa Ha 6UTbI-NoACcKa3kn — 3TO MNO3BOJISIET COXPaHUTb B BEpCUK

CTPOKM UCXOAHbIA HOMEpP TpaH3aKLuW, YTO YA06HO ANs ueneii Noaaepxkm 1
oTnaKu.
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‘ vacuum_freeze_min_age ‘

¥ vacuum freeze min age
4"& - — e A

v
3aMOpOoXeHHas
TpaH3akums

MUHUMabLHBIN BO3pPacT,
C KOTOPOT0 OOBbIUHAs OUMCTKA
HauMHaeT 3aMOPO3KY

vacuum_freeze_table_age

BO3pacCT, IIPU KOTOPOM BBITIO/IHACTCA
IMMOJTHOE€ CKdHHMPOBdHHKE

autovacuurn_freeze_max_age

BO3pacT, [IpHY KOTOPOM 3aMOpPO03Ka
3aIyCKaeTCsl IPUHYAUTETbHO

onpegesnsier pasmep CLOG

‘ vacuum_freeze_table_age ‘

‘ autovacuum_freeze_max_age ‘
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Mpy 06bIYHON OUNCTKE 3aMOPO3Ka BbINOMHAETCS TOMIbKO YaCcTMYHO, Tak Kak
NpY 3TOM He NPOCMAaTPMBAOTCS AAaBHO HE U3MEHSIBLLUMECS CTPaHWLbI.
Mo3aToMy BpeMsi OT BPEMEHU BbINOHSET NO/IHOE CKaHMpPOBaHMe Tabmupl,
YTO MOXET BbI3BaTb 60/MbLUYI HArpy3Ky Ha AMCKOBYH NOACUCTEMY.

3aMop0o3Koil yNpaBnstoT TPU OCHOBHbIX NapamMeTpa.

- Vacuum_freeze _min_age onpegensier MMHUMasibHbliA BO3pacT TpaH3akumm
(KONIMYecTBO TpaH3akuuMi, NpoLeaLlnxX ¢ Havyana faHHon), Npu KOTOPOM ee
MOXHO 3aMOpaXxnBaTb.

UeM MeHblUe ByaeT aTo 3HavyeHue, TemM 6osblie 6yaeT HaknagHbIX
pacxoAoB (3aMOPOXEHHbIE BEPCUU CTPOK BEPOATHO U3MEHATCS U UX
npuaeTcsa 3amopaxunsatb cHoBa). OaHako 60NbLUIOE 3HAYEHNE NPUBEAET K
6051€€ YaCTOMY BbINO/IHEHWUIO MOTHOTO CKAHMPOBAaHWA.

- Vacuum_freeze table age onpegensier Bo3pacT TpaH3akuuu, npym KOTOPom
nopa BbIMO/IHATL 3aMOPO3KY C MOMOLLbIO NOSTHOrO CKaHMpoBaHuA. [na aToro
Kakgas Tabnmua XpaHUT HOMep TpaH3akuun, KOTOPbIA Obl/T 3aMOPOXEH B
npowwnbin pas (pg_class.relfrozenxid). Takum o6pa3om, NOAHOE
CKaHupoBaHune 6yaeT BbINOMHATLCA pas B (vacuum_freeze table age -
vacuum_freeze_min_age) TpaH3aKuuia.

- Autovacuum_freeze _max_age onpegensiet Bo3pacT TpaH3akuum, npu
KOTOPOM 3aMopo3kKa OyAeT BbINO/THATLCA NPUHYAUTENTbHO — aBTOOYMUCTKA
3anyCcTUTCS, axe eCc/in OHa BblK/Ilo4YeHa. ITOT NnapamMeTp Takxke onpeaenser
pasmep CLOG. Mexnay vacuum_freeze table age un
autovacuum_freeze_max_age A0O/HKHO ObITb HEKOTOPOE OKHO, YTOObI
o4yncTKa ycnesna otpaborarb — MHaye cuctema oyaet aBapuiiHO
OCTaHOB/EHA.
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Hacrtpoviku
vacuum_freeze_min_age = 50000 000
vacuum_freeze_table_age =150 000 000

autovacuum_freeze_max_age = 200 000 000

[TapaMeTpbl XpaHeHUsI TabJuI1]

autovacuum_freeze_min_age
toast.autovacuum_freeze_min_age

vacuum_freeze_table_age
toast.vacuum_freeze_table_age

autovacuum_freeze_max_age
toast.autovacuum_freeze_max_age
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3HayeHus Mo yMo/4aHuo 4OBOSIbLHO KOHCepBaTuBHbI. [Npeaen a/is
autovacuum_freeze_max_age cocTaBnseT nopsagka 2 Mapa TpaHsakuui, a
ncnonb3yeTcs 3HadyeHre B 10 pa3 MeHbLllee. JTO cAe/aHo AN orpaHnyeHus
pa3mepa CLOG (gBa 6uta Ha TpaH3akuuio, T. e. npumepHo 50 Mb npu
3HAYEHUN NO YMOTYAHUIO).

MapameTpbl TAKKE MOXHO YCTaHaB/MBATb Ha YPOBHE OTAE/bHbIX TabuL, C
MOMOLLIbHO NapaMeTPOB XPaHEeHUS.
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HacTporiku a5 multixact

vacuum_multixact_freeze_min_age = 5000 000
vacuum_multixact_freeze_table_age =150 000 000
autovacuum_multixact_freeze_max_age =400 000 000

[TapaMeTpbl XpaHeHUsI TabJuI1]

autovacuum_multixact_freeze_min_age
toast.autovacuum_multixact_freeze_min_age

vacuum_multixact_freeze_table_age
toast.vacuum_multixact_freeze_table_age

autovacuum_multixact_freeze_max_age
toast.autovacuum_multixact_freeze_max_age

16

ELLle o4AMH TOHKMI MOMEHT COCTaBAKT «MYNbTUTPAH3aKL MW,
paccMoTpeHHble B TeMe «CHUMKM 1 BNOKMPOBKU». B cnyyasx, korga ogHa
CTpoOKa 6/10KMPYETCA HECKO/TbKUMW TPaH3aKUMsaMN, BblAENAeTCA
crneunasnbHbli Homep multixactid, KOTOPbIN UCNONBL3YETCA A/151 TOW Xe Lenu,
YTO M 06bIYHbIA HOMEpP TpaH3akuMn. CnepoBaTtesibHO, /151 HAX ToXe
HEeo6X0AMMO BbINOMHATL aHa/I0r «3aMOPO3KM» — CTapble Homepa
multixactid 3amMeHsIl0TCA Ha HOBble (MK Ha O0BObIYHbLIA HOMEpP TpaH3aKuuK,
€C/i1 3TO A0NYyCTMMO).

3a Hee 0TBeYalT NapameTpbl, aHa/IOTNYHbIE NapaMeTpam 06bIYHOWA
3aMOpPO3KM.
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3aMopo3Ka BpYy4HYHO Posigres

VACUUM FREEZE

MPUHYAXTeIbHAs 3aMOpO3Ka TpaH3aKLMii m0060ro Bo3pacra
ToT ke 3dexT u mpu VACUUM FULL

COPY ... WITH FREEZE

TIPUHYAWTebHAsk 3aMOPO3Ka cpa3y 1ocJie 3arpy3Ku
TabnuIja Jo/DKHA OBITh CO3/jaHa WIH OMYCTOIIIeHA B TOH JKe TPaH3aKL[UH

3aMOpO)KeHHbIe JJaHHbIe CTAHOBATCSI BU/JHBI Cpa3y —
HapyLIAKOTCs TIpaBUiIa U30JISLUUA TPaH3aKLUU

17

NHoraa 6biBaeT yao6HO ynpaB/isaTh 3aMOPO3KO BPYUHYHO, a HE A0XNAATbLCS
aBTOOUNCTKMN.

3amMopo3Ky MOXXHO BbI3BaTb BPY4YHYK KOMaHA0in vacuum freeze — npun aTom
OyayT 3aMOpPOXeHbl BCe TpaH3akunn 6e3 ornaakm Ha ux sospacrt. [Mpu
nepecTporike Tabnumubl KomaHaoin vacuum full Bce cTpoku Takxe
3amMmopaxunBaloTCA.

[aHHblIe MOXXHO 3aMOPO3UTb U NPW HaYasTbHOM 3arpy3ke ¢ NOMOLLbHO
KoMaHAbl copy, yKkasaB napametp freeze. [ina atoro taénvuya gosmxHa ObiTb
co3faHa (uim onycToLleHa KoOMaHoi truncate) B TOI e TpaH3akuuu, 4to u
copy. NocKkonbKy AN 3aMOPOXEHHbIX CTPOK AEACTBYIOT OTAe/bHblEe
npasuna BUAMMOCTHN, Takne CTPOKM ByayT cpasy BUAHbI APYTUM
TpaH3akuMaM, fAaxe ecriv Tekyllaa TpaH3akums elle He 3adoukcnpoBaHa.
3T0 HapyLwaeT 06bI4HbIE NpaBuia N30aAUUN, Tak YTO C TaKoi KoMaH4oM
Hafo ObITb OCTOPOXHbIM.
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Toru Posggres

ABTOMaTHUeCKask OUMCTKa 3dIlyCKdeT OUMCTKY U dHdJIN3 Ta6JH/H_I,
AWUHAMHWYEeCKH pearupys Ha U3Me€HEHUS JdHHbIX

Kpome ocBoOOX/IeHHsI MeCTa Ha CTpaHHLie
TIPOL[eCC OUMCTKU BBITIONTHSET BYKHYIO 3a/lauy 3aMOPO3KH

ABTOOYMCTKA [IOMyCKaeT TOHKYH HaCTPOUKY
Ha YpOBHe KaK CHCTeMbI, TaK U OT/ie/IbHbIX Tab/Iui]

HacTpoiika aBTOOUMCTKH — UTepaTUBHBIN MOKCK OasaHca

19



off PROFESSIONAL

[1pakTuka Pos{gres

1. HacTpouTs aBTOOUUCTKY Ha 3aryckK rnpu usmeHeHun 10% cTpok,
BpeMsl «CHa» YCTAaHOBUTD B OJTHY CEKYH[Y.

2. Cospats 6a3y gaHHbix DB6, B Heli co37aTh ¥ IpoaHaIM3UPOBATh Tab/IULLY
¢ 100 000 cTpok.

3. ecstb pa3 C UHTEPBAJIOM B HECKOJILKO C€KYH/l U3MEeHSITh TaO/HIly
nopyusaMu o 5 000 cTpok.

4. Ckonbko pa3 orpaborana aBroourcTka? Ha cko/bKo pa3pociack Tabmmiia?
CoBMazatoT /i pe3y/ibTaThl C 0XKUJAaeMbIMU U KaK UX OOBSICHUTE?

5. TIoBTOpPUTBH MYHKT 2 C APYToi Tabuiiel;
3aTeM BO BTOPOM CeaHCe CO3[aTb CHUMOK [JaHHBIX,
BKJTFOUAIOILMI TeKYII1e BePCUU CTPOK Tab/MLIbI;
3areM IIOBTOPUTH ITYHKT 3;
T10CJIe 3TOrO 3aBepIlINUTh BTOPOM CeaHc.

6. CpaBHUTb HOBbIe Pe3y/IbTaThl C MPeJbIAYIIUMHU.

20

OueHnTb paspactaHne Tabnnubl MOXHO pasHbIMKU criocobamn. Hanpumep,
3anoMHUTb pasmep Tabnnupbl 40 N3MEHEHUIA N CPAaBHUTL C pa3MepoM nocrie
N3MeHeHNin. Ha npakTuke, 3T0, KOHEYHO, HeyA06HO. [103TOMY MOXHO
BOCMNO/Mb30BaTbCS paclumpeHmem pgstattuple (NokasbiBaeT TOUHYHO
NHJOOpMaLMIo, HO NOSTHOCTLIO YnTaeT Tabnuuy), uan caenatb
NPUGNN3NTENBHYIO OLEHKY HA OCHOBE CMCTEMHOIO Katasiora u CTatucTukn (
NpUMepbI B BUKW).

[na co3gaHmsa CHAMKa faHHbIX NPoLLe BCEro Hayatb TpaH3akuuio ¢ YPOBHEM
n3onauum repeatable read, 1 B Hel BbINO/THUTL 3aMpoc K Tabnuue.



