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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

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

[Tpo6ema repernosiHeHus: CUeTYMKa TpaH3aKLUH
3amMopo3Ka BepCUM CTPOK U TMpaBu/ia BUJUMOCTH
HacTpolika aBTOOUMCTKY /1/151 BBITIOJTHEHUST 3aMOPO3KHU

3aMOpO3Ka BPYUYHYIO
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[lepenosiHeHne cyeTumKa Posigres

MeHbIIIMe HoMepa — TpolLioe, 66/bIMe — Oyayiee
paspsifHOCTh CueTYrnKa — 32 GUTa, UTO Jie/1aTh MPH TePeroTHeHNH?

TpaH3akyusa 2
Hauanack nosxe
TpaH3akuum 1

\/

®
®

npotwunoe 6yayliee

Kpome o0CcBOOOXAEHNS MeCcTa B CTpaHuLax, O4MCTKa BbINOMHAET Takxke
3aavy no npeaoTepaLleHnto NnpobnemM, CBA3aHHbIX C NepenosiHeEHNEM
cyeTymKa TpaH3akuui.

Moa Homep TpaH3akumn B PostgreSQL BbigeneHo 32 6uta. 310 [0OBOJBHO
60nbLwoe yncno (okono 4 mapg HoOMepOoB), HO NPU akTUBHOW paboTe
cepBepa OHO BMNoJIHE MOXET ObITb McYepnaHo. Hanpumep npu Harpyske
1000 TpaH3akuuii B CEeKyHAY 3TO NPOM30MAEeT BCEro Yepes nontopa mecsua
HenpepbIBHON paboThl.

Ho Mbl roBOpPUM O TOM, YTO MeXaH13M MHOrOBEPCUOHHOCTM MNosaraeTcsa Ha
nocneaoBaTeslbHY0 HyMepaLuio TpaH3akUUin — 13 ABYX TpaH3aKLUWiA
TpaH3aKUMs C MEHbLUMM HOMEPOM CUMTAETCA HauaBLLElCca paHbLLe.,
MOHATHO, YTO HE/b3si NPOCTO OGHYNUTL CYETUMK Y NPOAOHKUTL HYMepaL Mo
3aHOBO.

MoyemMy nog HOMep TpaH3aKUUKM He BblaeneHo 64 6uta — Beab 3TO
MO/IHOCTbLIO UCK/KOUNIIO Obl Npobnemy? [leno B TOM, YTo (Kak
paccmartpuBasiocb B TeMe «CTpaHuLbl 1 BEPCUM CTPOK») B 3aro/1oBKe
Ka)k40i BEPCUN CTPOKM XPAHATCA ABa HOMepa TPaH3akUmMii — xmin 1 xmax.
3aronoBoK 1 Tak A0CTATOUYHO 60/bLLON, a YBENMYEHNE Pa3psiAHOCTH
npuBeno b6bl K ero yBenmyeHuto elle Ha 8 6aiT.
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Hymepauus no Kpyry Pos{gres

MPOCTPAaHCTBO HOMEPOB TPAH3aKLMi 3aKO/IbLIOBAHO
T0JI0OBMHA HOMEPOB — TIPOILIIOe, TI0JIOBUHA — Oyzyliee

BO3pacT TpaH3aKuum

D

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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[MpoGnema BUAMMOCTH Posigres

1 TpaH3akuma 1
HaXoAUTER paneko Bresanio OxasARACH
B 6 em?
B NPOLLAIOM yayLL

B Takoi 3aKosibLl0BaHHOW CXeMe BO3HUKAET HeNnpusaTHas cutyauus.
TpaH3akuusa, Haxo4uBLLAACA B Aa/1eKOM NpoLuiomM (TpaH3akuusa 1

Ha cnange), Yepes HEKOTOPOE BPEMS OKaXKeTCs B TOI MNOSIOBUHE Kpyra,
KOTopas OTHOCUTCA K ByayLiemy. 3To, KOHEYHO, HapyLIUT npasuna
BUOAUMOCTM U NpUBEAET K Npobriemam.
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3amMopo3Ka BepPCUil CTPOK Posigres

3aMOpOyKeHHbIe BePCUH CTPOK CUUTAIOTCS «OeCKOHEUHO CTapbIMH»
HOMep TpaH3aKIMK Xmin MOXKeT ObITh UCTIOIb30BaH 3aHOBO

YT0O6bI HE AONYCTUTL NyTELWEeCTBUIA U3 NPOLLIOro B Byayllee, npouecc
OYMCTKM BbINOJHAET eLle oAHy 3agady. OH HaxoguT AOCTaTovyHO cTapble U
«X0M04HbIE» BEPCUN CTPOK (KOTOPblE BUAHbI BO BCEX CHUMKAX N U3MEHEHMNE
KOTOPbIX y)K€ Ma/IOBEPOSITHO) U crielmasibHbiM 06pa3om nomevyaer —
«3aMopaxuBaeT» — UX. 3aMOpPOXeHHas BEPCUSA CTPOKMN cUMTaeTCAa cTapLle
NO6bIX 0ObIYHBIX AaHHbIX M BCEraa BuaHa BO BCEX CHUMKaX AaHHbIX. Mpn
3TOM YyXe He TpebyeTcs CMOTPETb Ha HOMEpP TpaH3akuum Xmin, n aToT
HOMep MOXET ObITb 6e30MacHO NCNoIb30BaH 3aHOBO. TakuMm 06pa3om,
3aMOpPOXEHHbIE BEPCUM CTPOK BCerga ocTalTCs B NMPOLLIOM.

https://postgrespro.ru/docs/postgresgl/16/routine-vacuuming#vVACUUM-FO
R-WRAPAROUND
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3amMopo3Ka BepPCUil CTPOK Posigres

E1ie oHa 3a/jaua mpoiiecca OUMCTKH

eCJId BOBPeMsl He 3aMOPO3UTh BePCUM CTPOK, OHU OKaXKyTcCs B Oyyiiiem
Y CepBep OCTAaHOBUTCS /IS TTPeJOTBPAIIeHUsT OIINOKH

Ha Homep
60onblue He
CMOTpUM

xmin committed
xmin aborted
Xmax committed
Xxmax aborted

craryc Xmin - xmax

[laHHble

42 ,FOO

(0,2) normal » 100 0

npu3Hak
3aMOpO3kn

—
—

[nsa Toro 4YTOObI NOMETUTb BEPCUIO CTPOKN KaK 3aMOPOXEHHYIO0, A1

TpaH3akuMmn Xmin BbICTaB/ATCA OAHOBPEMEHHO 06a 6uTa-noackaskm —
ouT hukcaymm n BUT OTMEHbI.

3amMeTumM, YTO TpaH3aKUMI Xmax 3aMopaXmBaTb He HY)XHO. Ee Hannume
O3Ha4aeT, YTo AaHHaa Bepcus CTPOKKU 6o/blle He akTyasibHa. locne Toro,
Kak OHa nepecTtaHeT ObITb BUANMOW B CHUMKaX AaHHbIX, Takas BepCus
CTPOKM ByAeT ouuLLEeHa.

MHOrne NCToOYHUKK (BKKOYAA AOKYMEHTaLMI0) YNOMUHAIOT crieumnasibHbIi
HomMmep FrozenTransactionld = 2, KOTOpbI/ 3anNUCcbIBAeTCA Ha MECTO Xmin
B 3aMOPOXEHHbIX Bepcusax. Takasa cuctema geictsoBana Ao sepcun 9.4,
HO ceilyac 3aMeHeHa Ha GUTbI-NOACKAa3KN — 3TO MO3BOSIAET COXPaHUTD

B BEPCUM CTPOKM UCXOAHbIN HOMEpP TpaH3akLmu, YTo ya06HO ANnA uenem
nogaepXku 1 otnagkn. OgHako TpaH3akumm ¢ HoMepom 2 eLle MoryT

BCTPETUTbLCA B CTapbIX CUCTEMAX, faXe 0OHOB/EHHbIX A0 NOCNefHNX
BEpPCUiA.

BaxHO, 4TOObLI BEpCUM CTPOK 3aMOopaxnsasincb BoBpems. ECnm BO3HUKHET
cuUTyauus, Npyv KOTOPOW eLle He 3aMOPOXEHHbIN HOMepP TpaH3akKuMn pUCKyeT
nonacTb B 6yayulee, PostgreSQL aBapuiniHO OCTaHOBUTCS. DTO BO3MOXHO

B ABYX Cnyyasx: iMbo TpaH3akLuuMs He 3aBeplueHa 1, criefoBarte/ibHo, He
MOXET ObITb 3aMOpOXeHa, IMbo He cpaboTasia ouncTKa.

Mpu 3anycke cepBepa TpaH3akLus 6yeT aBTOMaTUYECKN OTMEHEHA;

Aasnblle aMUHUCTPATOP A0/MKEH BPYUHYHO BbIMNOMHUTL OUYUCTKY, 1 MOCe
3TOro cucTema CMOXET NPOA0/HKUTL PaboTy.
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HaCTpOVI Ka Pos{gres

vacuum_freeze_min_age

vacuum_freeze_min_age

MUHHMa/bHBIN BO3pacT,
C KOTOPOr'O HAYMHAETCSA 3aMOPO3Kd

3aMOopO3KOii yNpaBsoT YeTblpe OCHOBHbIX NapaMeTpa.

MapameTp vacuum_freeze_min_age onpegenser MUHUMaslbHbIA BO3pacT
TpaH3akuum Xxmin, ¢ KOTOPOro HauMHaeTCsl 3aMOpPO3Ka.

UeM MeHbLLEe 3TO 3HaYeHne, TeM 60/1bLLe MOXET GbITb HAKIAAHbIX
pacxofoB. Ecnu cTpoka «ropsyas» 1 akTUBHO MEHSIETCS, 3aMOpPO3Ka ee
Bepcuii ByaeT nponafatk 6€3 Nosb3bl: YXKE 3aMOPOXEHHbLIE BEPCUMN ByayT
BbIUMLLIATLCS, & HOBbIE BEPCUM NPUAETCS CHOBA 3aMOpaknBaTh.

MNoaTomy 6o/iee MoNofble BEPCUN CTPOK 3aMOpPaXMBatoTCs TO/TbKO B TEX
cnyyasx, Korga aTo TO4HO He Ao6aBnsieT paboTbl, Hanpumep, ecrun

B CTPaHULIe yXe TpebyeTcs 3aMopo3ka Apyrux (6onee ctapblx) CTPOK
WX NPU NOMHONM OYNCTKE Tabnubl.

3ameTuM, 4YTO OYMCTKA NPOCMAaTPMBAET TO/IbKO CTPAHULbl, HE OTMEYEHHbIEe
B KapTe BMAMMOCTU. ECNn Ha CTpaHuLIe OCTaNIUCh TOMbKO aKTyaslbHble
BEPCUM, TO OYMCTKA HE NPUAET B Takyr CTPaHULLY U HEe 3aMOPO3UT UX.

B 3aronioBke TabnnYHOM CTPaHULbl TakKe NMMeeTcs Npu3Hak BUAMMOCTH
BCEX BEPCUIN CTPOK B HEI; OYNCTKA UCNOMb3YET ero BMecTe
C COOTBETCTBYHOLLEN OTMETKOI B KapTe BUAMMOCTMN.
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HaCTpOVI Ka Pos{gres

vacuum_freeze_min_age

vacuum_freeze_table_age

TIpY TOCTYDXKEHUH TaKOTO BO3pacTa
3aMOpPa’KMBAIOTCSI BEPCUM CTPOK Ha BCeX CTPaHMIIAX
(«arpeccuBHast» 3aMOPO3Ka)

JJ151 YCKOPeHUsI MCI0/b3yeTcsl KapTa 3aMOPO3KU

vacuum_freeze_table_age

MapameTp vacuum_freeze_table_age onpeaensiet Bo3pacT TpaH3aKuuu,
NPV KOTOPOM NMOpPa BbINOMHATL 3aMOPO3KY BEPCUIA CTPOK Ha BCEX CTPaHMLAxX
Tabnuubl. Takasi 3amMOpPO3Ka Ha3bIBAETCS «arpecCUBHOM>.

[na kaxaon Tabnuubl XpaHUTCca HoMep TpaH3akumn (pg_class.relfrozenxid),
A8 KOTOPOro U3BECTHO, YTO B BEPCUSAX CTPOK He ocTasiocb 60/1ee cTapbIx
He3aMOpPOXXEHHbIX HOMEPOB TpaH3aKLnii. Bo3pacT aTol TpaH3akKLmm

N CpaBHMBAETCS CO 3HaYeHMeM napamMeTpa.

UTo6bl HE NpocMaTpuBaTh BCHO TabNMLY LIE/IMKOM, BMECTe C KapToW
BUAMMOCTMN BeETCSA kapma 3aMOpPO3KU. B Hell oTMeUeHbl CTpaHuLbl,
B KOTOPbIX 3aMOPOXEHbI BCE BEPCUM CTPOK. Takne cTpaHuLbl npu
3aMOpO3Ke MOXHO MponycKaThb.

[lake B arpeccrBHOM pexnme BCe BEPCUM CTPOK C TPaH3aKuMsaMmn mnagule
vacuum_freeze_min_age He 3aMopaxmnBatoTCH, NO3TOMY MOC/1e 3aMOPO3KM
HOBbIV BO3pacT TpaH3akuun relfrozenxid 6yaeT paBeH He Hy i,

a vacuum_freeze_min_age. Takum 06pa3om, 3aMOp0O3Ka BCEX CTPaHuL
BbINoOSIHAETCA pa3 B (vacuum_freeze table _age — vacuum_freeze_min_age)
TpaH3aKUuia.

Mbl y)Xe roOBOPUIN, YTO C/IMLLIKOM MasieHbKoe 3HaYeHne napamerpa
vacuum_freeze_min_age yBenuunBaeT HakNafHble pacxo/ibl Ha OUYNCTKY.
Ho npu 60NblUMX 3HAYEHUSIX arpeccuBHasi 3aMopo3Ka 6Yy/1eT BbINO/THATLCS
C/IMLLIKOM 4acTo, YTO TOXE N0X0. YCTaHOBKA 3TOr0 napamMeTpa TpedyeT
KOMMpoMucca.
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HaCTpOVI Ka Pos{gres

vacuum_freeze_min_age

autovacuum_freeze_max_age

IMpH JOCTHXKEHWH TAKOI'O BO3pPACTad
3dMOPO3Ka 3dIllyCKadeTCd MPUHYAUTEe/IbHO

onpegessier paamep CLOG

VACUUM (index_cleanup off)

vacuum_freeze_table_age

autovacuum_freeze_max_age

MapameTp autovacuum_freeze_max_age onpenensiet so3pacT
TpaH3akKLUun, Npy KOTOPOM 3aMOpo3Ka 6YAeT BbINOMHATLCS NPUHYANTENBHO.
ABTOOUYMCTKA A5 NPEAOTBPALLEHMS NOC/eACTBU NEPENOSTHEHUS CUETUMKA
TpaH3aKUUiA 3anycTUTCS, laXKe ec/lv OHa OTK/IKUYeHa napameTpamMu.

JTOT napameTp Takxke onpeaenset pasmep cTpyktypbl CLOG: aaHHble
0 cTaryce 6onee cTapbIX TPaH3akUUin TOYHO HUKOrA4a He NoHaaoo6aTCs,
no3aTtomy yacTtb hainnos n3 PGDATA/pg_xact MOXeT ObITb yaasneHa.

Ecnn agMyHUCTpaTop NOHMMAET, YTO aBTOOUYMCTKA He yCrneeT 3aMOpPOo3UTb
BEPCUM CTPOK A0 NepenosIHEHUS CHETUMKA TPaH3aKLMiA, MOXHO
BOCMNO/1b30BaTbCS PYYHON O4YNCTKOM ¢ napameTpom index_cleanup off.

B aTom cnyyae nHAeKCbl He 6yayT oumwaTbCs, HO 3a CYET 3TOro0 BepCUmn
CTPOK B Tabnunuyax 6yayT 3aMOpOXeHbl ObICTpee.
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HaCTpOVI Ka Pos{gres

vacuum_freeze_min_age

vacuum_failsafe_age

TIpY IOCTKEHUH TaKoro BO3pacTa
OUMCTKA MePexXOUT B 3alIUTHBINA PEXXUM PabOTHI

vacuum_freeze_table_age

autovacuum_freeze_max_age

vacuum_failsafe_age

11

MapameTp vacuum_failsafe _age ynpaBnsieT BK/IlOYEHMEM 3aljUMHO20
pexuma paboTbl OUNCTKU, KOTOPbIN CNYXUT AN YCKOPEHUSI 3aMOPO3KU
HOMEpPOB TpaH3aKLWiA.

B aTOM pexume 6yayT OTMEHEHbI perfnaMeHTHbIE 3a[ePXKM
autovacuum_vacuum_cost_delay v vacuum_cost_delay. Takxe He 6yayT
BbIMO/IHATLCA HEKOTOPbIE Heobs3aTe/ibHble paboThbl (HanpuMep o4YncTka
NHOEKCOB). Takne Mepbl MO3BOJIAT OUNCTKE ObICTPEe 3aMOPO3UTL CTapble
TpaH3aKU1n U NepeinT B 0ObIYHbIA PEXUM paboTbl.
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HaCTpOVI Ka Pos{gres

KoHdurypalmoHHbIe mapaMeTphl

vacuum_freeze_min_age = 50 000 000
vacuum_freeze_table_age = 150 000 000 }
() autovacuum_freeze_max_age = 200 000 000

1 600 000 000

vacuum_failsafe_age

[TapameTpnl XpaHeHHUsT TabIuI]

autovacuum_freeze_min_age
toast.autovacuum_freeze_min_age

autovacuum_freeze_table_age
toast.autovacuum_freeze_table_age

autovacuum_freeze_max_age
toast.autovacuum_freeze_max_age

12

3HayeHnAa No yMosl4aHnio 40BOILHO KOHCepBaTuBHLI. Npeaen ana
autovacuum_freeze_max_age — nopsgka 2 Mnpg TpaH3akuui,

a ncnosnbsyetca 3HavyeHme B 10 pa3 meHblUee. MOXHO YBETMYNTL 3HaYEHUA
vacuum_freeze table _age vn autovacuum_freeze_max_age ons
YMEHbLUEHNA HaKNagHbIX pacxo[oB, HO BaXKHO NOHMMATh, YTO ecnu no
Kaknm-TO npuynHam (Hanpumep, 13-3a He3aBepLIeHHOW TpaH3akuum)
aBTOOUNCTKA BOBPEMSA He CnpaBuUTCA C 3aMOPO3KOi, Y agMuHucTparopa
OCTaHeTCs MaJs1o BpeMeHU ANA NPUHATUA Mep. 3aMeTbTe, UTO USMEHeHne
napameTpa autovacuum_freeze_max_age TpebyeT rnepesanycka cepsepa.

3Ha4veHue no ymonyaHuo vacuum_failsafe_age 3HauntTenbHO 60nbLUe, YEM
autovacuum_freeze_max_age, n ecnv Ao ncyepnaHmsi HOMepPOB OCTaHeTCs
Mas10 BPEMEHW, 3aLLUUTHbINA PEXNM YCKOPUT 3aMOpPO3KY.

OTMETUM, YTO CEPBEP MOXET CKOPPEKTMPOBATL YCTAHOB/IEHHbIE 3HAYEHUS
napameTpoB vacuum_freeze_min_age, vacuum_freeze_table _age v
vacuum_failsafe_age vcxons n3 3HavdeHua autovacuum_freeze_max_age.

Ps napaMeTpoB TakKe MOXHO yCcTaHaB/MBaTb Ha YPOBHE OTAE/NbHbIX
TabnuLy, C MOMOLLbIO NapaMeTPoOB XpaHeHUs. ITO UMEET CMbIC/ AenaTb
TOMbKO B OCOOEHHbIX Crlyvasx, korga tabnumua aencteuTenibHo Tpebyet
0cob0ro 06xoxaeHuns. 3aMeTbTe, YTO MMEeHa NapamMeTpoB Ha YPOBHe Tabnuy,
HEMHOrO OT/INYaKTCA OT MMEH KOHPUIypaLOHHbIX NapameTpoB.

B Moayne «bMoKMPOBKM» paccMaTpuBaloTCs T. H. My/IbTUTPaH3aKLun
1 [ONOSIHUTENbHbIE NapaMeTPbl HACTPOKM 3aMOPO3KN AN HUX.

https://www.postgresgl.org/docs/16/runtime-config-client.html
https://www.postgresqgl.org/docs/16/runtime-config-autovacuum.html




3amMopo3Ka

YcTaHOBUM 1151 AEMOHCTPAILUM ITapaMeTPhl 3aMOPO3KH.

He6ombIioi BO3pacT TpaH3aKIUuK:

=> ALTER SYSTEM SET vacuum_freeze_min_age = 1;

ALTER SYSTEM

BospacT, nocie KoToporo 6yneT BEIIONHSITHCS 3aMOPO3Ka BCeX CTPaHMUIIL:
=> ALTER SYSTEM SET vacuum_freeze_table_age = 3;

ALTER SYSTEM

U oTK/II0YNM aBTOMATHUYECKYI0 OYHUCTKY, YTOOHI 3aIlyCKaTh €e BPYYHYIO B HY>KHEIY MOMEHT.
=> ALTER SYSTEM SET autovacuum = off;

ALTER SYSTEM

=> SELECT pg_reload_conf();

pg reload conf

Co3papuM TabIully ¢ faHHBIMU. Y cTaHOBUM MuHHManbHH fillfactor: Ha Kaxnoi ctpanulie 6ymeT BCero ABe CTPOKU.
=> CREATE DATABASE mvcc_freeze;

CREATE DATABASE

=> \c mvcc_freeze

You are now connected to database "mvcc freeze" as user "student".

=> CREATE TABLE t(id integer, s char(300)) WITH (fillfactor = 10);

CREATE TABLE

Co3panuM npefcTaBiieHre A HaOIoneHnus 3a OuTaMu-IofcKa3kaMy Ha IIEePBBIX OBYX CTPaHUIaX TaOJIHMITEL.

Celfyac HaC MHTEpPECYeT TOJIBKO Xmin u OUTE, KOTOPHIE OTHOCSTCSI K HEMY, IIOCKOJIbKY BEPCHY CTPOK C HEHYJIEBBIM Xmax
OynyT ounieHbl. KpoMme TOro, BEIBeleM M BO3PacT TpaH3aKLIKUU Xmin.

=> CREATE EXTENSION pageinspect;
CREATE EXTENSION

=> CREATE VIEW t_v AS
SELECT '('||blkno|]|',"||lp||')" as ctid,
CASE 1p_flags
WHEN @ THEN ‘unused’
WHEN 1 THEN ‘normal’
WHEN 2 THEN 'redirect to '||lp_off
WHEN 3 THEN 'dead’
END AS state,
t_xmin AS xmin,
age(t_xmin) AS xmin_age,
CASE WHEN (t_infomask & 256) > 0 THEN 't' END AS xmin_c,
CASE WHEN (t_infomask & 512) > 0 THEN 't' END AS xmin_a,
t_xmax AS xmax

FROM (
SELECT 0 blkno, * FROM heap_page_items(get_raw_page('t',0))
UNION ALL
SELECT 1 blkno, * FROM heap_page_items(get_raw_page('t',1))
) q

ORDER BY blkno, 1p;

CREATE VIEW

[51s1 TOrO YTOOHI 3aryITHYTh B KAPTY BUAUMOCTH U 3aMOPO3KH, BOCIIOIL3YEMCS ellle OGHUM PacClIHpeHueM:
=> CREATE EXTENSION pg_visibility;

CREATE EXTENSION

BcraBnsem HOaHHBIE. Cpa3y BBEIIIOJTHUM OYHUCTKY, YTOOHI 3al0JTHUTE KapTy BUOUMOCTH.



=> INSERT INTO t(id, s) SELECT g.id, 'FO0' FROM generate_series(1,100) g(id);
INSERT 0 100

=> VACUUM t;

VACUUM

ITocne ouncTku 06e CTpaHUILI OTMedeHHl B KapTe BuauMocTH (all visible):

=> SELECT * FROM generate_series(0,1) g(blkno), pg_visibility map('t',g.blkno)
ORDER BY g.blkno;

blkno | all visible | all frozen

_______ Sy
0]t | f
1]t | f

(2 rows)

KakoB BO3pacCT TPaH3aKIIUK, CO3IaBIIEH CTPOKHU?

=> SELECT * FROM t_v;

ctid | state | xmin | xmin_age | xmin_c | xmin_a | xmax
------- e i e I
(0,1) | normal | 748 | 1|t | | 0
(0,2) | normal | 748 | 1|t | | 0
(1,1) | normal | 748 | 1]t | | 0
(1,2) | normal | 748 | 1]t | | 0
(4 rows)

OOGHOBUM CTPOKY Ha HYJI€BOM cTpaHuile. HoBast Bepcusi momafeT Ha Ty XKe CTpaHuily 61arogapsi He60IbIIOMYy 3HAYEHUIO
fillfactor.

=> UPDATE t SET s = 'BAR' WHERE id = 1;
UPDATE 1

=> SELECT * FROM t_v;

ctid | state | xmin | xmin_age | xmin_c | xmin_a | xmax
------- e i e I
(0,1) | normal | 748 | 2 |t | | 749
(0,2) | normal | 748 | 2|t | | 0
(0,3) | normal | 749 | 1] | | 0
(1,1) | normal | 748 | 2 |t | | 0
(1,2) | normal | 748 | 2 |t | | 0
(5 rows)

Celiuac HyJieBas CTpaHuIa yxe 6yget o6paboTaHa 3aMOPO3KOM:

e BO3pacCT TPaH3aKIWM IIPEBHIIAET 3HAUYEHNe, YCTAHOBJIEHHOEe B vacuum freeze min_age;
e CTpaHHWIla M3MEHeHa M UCKJII0YeHa U3 KapThl BUAUMOCTH.

=> SELECT * FROM generate_series(0,1) g(blkno), pg visibility map('t',g.blkno)
ORDER BY g.blkno;

blkno | all visible | all frozen

....... e
0| f | f
1|t | f

(2 rows)

BrimonHsIEM OYUCTKY.
=> VACUUM t;
VACUUM

OuncTtka o6paborana U3MEHEHHYIO CTPAHUIly. Y OTHOU BEPCUU CTPOKU YCTAHOBJIEHE 00a 6UTa — 9TO IPU3HAK 3aMOPO3KH.
[Ipyrast Bepcusi CTPOKHU CJIMIITKOM MOJIOA, OOHAKO ToXKe OBljla 3aMOpoKeHa IIPU IIPOXoie CTPAHULE! (3TO II03BOJIUIIO
OTMETHUTDH HYJIEBYIO CTPAHHIY B KapTe 3aMOPO3KH):

=> SELECT * FROM t_v;



------- L I S e S S e
(0,1) | redirect to 3 | | | | |

(0,2) | normal | 748 | 2|t | t | 0
(0,3) | normal | 749 | 1]t | t | 0
(1,1) | normal | 748 | 2]t | | 0
(1,2) | normal | 748 | 2 |t | | 0
(5 rows)

Temneps 06e CTpaHUILEI OTMEYEHHl B KApTe BUAUMOCTH (BCe BEPCHY CTPOK Ha HUX aKTyasbHBI). OYKWCTKa Teneps He OynmeT
obpabaTsIBaTh HY OOHY M3 3TUX CTPaHUIl, ¥ He3aMOPOXKEHHEIe BePCUU CTPOK Ha IIePBOM CTPaHUIle TaK U OCTaHyTCS
He3aMOPOXKeHHBIMH.

=> SELECT * FROM generate_series(0,1) g(blkno), pg_visibility map('t',g.blkno)
ORDER BY g.blkno;

blkno | all visible | all frozen

(2 rows)

VIMeHHO [JIs TAKOT0 ciiydas u TpebyeTcs mapameTp vacuum freeze table age, ompenensiomuiuii, B KaKOH MOMEHT HYKHO
MIPOCMOTPETH CTPAHHULILL, OTMEUYEHHEIe B KapTe BUAMMOCTH, €CJIM OHU He OTMEUeHEl B KapTe 3aMOPO3KH.

s Ka)KJIOﬁ Ta6J’II/ILU:>I COXpaHsdaeTCsa HauOOIIBIITHH HOMED TPaH3aKIUHU, OJIsI KOTOPOI'o BC€ BEPCHUU CTPOK C MEHBIIIUMHU
HOMepamMu Xxmin TapaHTUPOBAHHO 3aMODPOXKEHEI. Ee BO3pPAaCT ¥ CPDABHUBAETCA CO 3HAYEHUEM IIapaMeTpa.

=> SELECT relfrozenxid, age(relfrozenxid) FROM pg_class WHERE relname = 't';

relfrozenxid | age

CBIMUTHPYEM BEHITIIOJIHEHUE el[e ONHON TPaH3aKUuu, 4ToOs Bo3pacT relfrozenxid TaGmuisl 4OCTUT 3HAUYEHUS IIapamMeTpa
vacuum freeze table age.

=> SELECT pg_current_xact_id();

pg_current_xact_id

=> SELECT relfrozenxid, age(relfrozenxid) FROM pg_class WHERE relname = 't';

relfrozenxid | age

______________ [ S —
748 | 3

(1 row)

=> VACUUM t;

VACUUM

Teneps, IOCKOJIBKY TaPaHTHPOBAHHO GEINIa IIPOBEpeHa BCs TabiIulla, HOMEP 3aMOPOKEHHOHM TPaH3aKI[UH MOKHO YBEIUYUTh
— MEHI YBEPEHBI, YTO B CTPAHULAX He 0CTaIoCh 60Jlee CTapoll He3aMOPOXKEHHOH TPaH3aKINH.

=> SELECT relfrozenxid, age(relfrozenxid) FROM pg_class WHERE relname = 't';

relfrozenxid | age

BoTt uTO IIOJIy4YHJIOCh B CTPAHHUIIAX:

=> SELECT * FROM t_v;

ctid | state | xmin | xmin_age | xmin_c | xmin_a | xmax
------- R e S e T T R
(0,1) | redirect to 3 | | | | |

(0,2) | normal | 748 | 3|t | t | 0
(0,3) | normal | 749 | 2]t | t | 0
(1,1) | normal | 748 | 3]t | t | 0
(1,2) | normal | 748 | 3|t | t | 0

)



O6e cTpaHUIIL Tellepb OTMEeYEeHEl B KapTe 3aMOPO3KH.

=> SELECT * FROM generate_series(0,1) g(blkno), pg_visibility map('t',g.blkno)
ORDER BY g.blkno;

blkno | all visible | all frozen

_______ Sy
0]t | t
1]t | t

(2 rows)

Howmep nociienHel 3aMOPOXKEHHOM TPaH3aKIUK €CTh U Ha YpOBHE Bced BII:

=> SELECT datname, datfrozenxid, age(datfrozenxid)
FROM pg_database;

datname | datfrozenxid | age
_____________ e Ry
postgres | 722 | 29
student | 722 | 29
templatel | 722 | 29
template0 | 722 | 29
mvcc_freeze | 722 | 29
(5 rows)

OH ycTaHaBIUBaEeTCs B MUHUMAaJbHOe 3HadeHue u3 relfrozenxid Bcex tabmun stoit BII. Eciu Bo3pacT datfrozenxid
IPEBHICUT 3HAYEHME ITapaMeTpa autovacuum freeze max age, aBTOO4YuCTKa OyAeT 3amyleHa IPUHYOUTEIbHO.
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3amMopo3Ka BpYy4HYyO Posjgres

VACUUM

3aMOpO3Ka BepCUM CTPOK 10 BO3pPaCTy B COOTBETCTBUM C HACTPOMKaMu

VACUUM FREEZE

MIPUHYIUTe/TbHAsE 3aMOPO3Ka BepCHiA CTPOK C Xmin Jiro0oro Bo3pacra
ToT ke 3pdexT u mpu VACUUM FULL, CLUSTER

COPY ... WITH FREEZE

TIPUHYIUTe/TbHAsE 3aMOPO3Ka Cpa3y T0C/Ie 3arpy3Ku
TabmumIja o/DKHA OBITH CO3/[aHa WK OIYCTOIIIeHa B TOM >Ke TPaH3aKLIUU
MOTYT HapyIIUThCS MMPaBU/Ia U30/ISIMK TPAH3AKIUH
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HecmoTps Ha To, 4TO BO BpeMsi paboTbl aBTOOUMCTKM NPY HEOBXOAMMOCTM
BbINO/IHSIETCS M 3aMOpPO3Ka, NHOr4a 6biBaeT YA06HO ynpaBnsiTb 3aMOPO3KOlA

BPYUYHYIO.
KomaHaa VACUUM, KaK 1 aBTOOUYMCTKA, BbIMOSTHUT 3aMOPO3KY
B COOTBETCTBUMN C HACTPOMKaMMU.

Ecnu BbinonHnTts kKoMaHay VACUUM FREEZE, 6yayT 3aMopoXeHbl BCe
Bepcumn CTPOK 6€e3 ornsaakM Ha Bo3pacT TpaH3akunin (kak 6yaTo napameTpbl
vacuum_freeze _min_age v vacuum_freeze_table age paBHbl HY/0).

[Mpn nepectpoike Tabnnuybl komaHgamn VACUUM FULL nnn CLUSTER
BCE CTPOKM Takke 3amMOopakmBatoTCS.

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

[laHHble MOXHO 3aMOpPO3UTb 1 NPY HaYasIbHOW 3arpy3ke ¢ NOMOLLbHO
komaHabl COPY, yka3as napametp FREEZE. Ona atoro tabnuua gomkHa
6bITb co3gaHa (nnv onyctoweHa komaHgon TRUNCATE) B Tou xe
TpaH3akumn, 4to n COPY. MNMoCKO/bKY O/151 3aMOPOXEHHbIX CTPOK AEACTBYHOT
oTAeNbHble Npasuia BUANMOCTU, Takne CTPOKN ByayT BUAHbI B CHUMKaxX
AaHHbIX OPYTrYX TpaH3akunii B HapyLleHne 00bIYHbIX Npasui n3onauum (ans
TpaH3akuuin c yposHeM Repeatable Read nnun Serializable), HoO 06bI4HO 3TO
He npeacTasnseT npobnemsl. MogpobHee Takow criyyait paccMmarpmBaeTcs
B NpaKkTuke.

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

Tekylasa peanmsauus Tako 3amoposku ansa ta6nuy, ¢ TOAST NoSTHOLEHHO
obpabaTbiBaeT TO/IbKO OCHOBHYIO YacTb Tabnuubl, a B KapTe BUANMOCTM
Npu3HaK BUAMMOCTM BCEX CTPOK He npocTaBideTcs. A 3T0 O3HayaeT
[ONOSTHATENbHBIN MPOX0A MO BCEM CTpaHMUam nNpu nocrienyruen o4ncTke.
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Toru Posigres

[TpocTpaHCTBO HOMEPOB TPAH3aKI[HMi 3aKO/IbLIOBAaHO

IlocTaTouHo cTapble BEPCUU CTPOK 3aMOPayKUBAIOTCS
TIPOL[€CCOM OUHCTKH

IInst onTHMM3aLuKM UCIT0Ib3YeTCsl KapTa 3aMOPO3KH
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[1pakTnKa Pos{gres

1. TIpoBepsbTe C NOMOLLIBIO pacCllMpeHus pageinspect, 4To mpu
UCII0/1b30BaHuM KoMaHael COPY ... WITH FREEZE Bepcun
CTPOK JIleICTBUTE/IbHO 3aMOPa’KUBarOTCS.

2. YbemuTech, UTO JlaXke Ha YpPOBHe U30/s1uM Repeatable Read
CTPOKH, 3arpy>keHHble KoMaH[0oii COPY ... WITH FREEZE,
OKa3bIBalOTCA BUJHBI B CHUMKE JaHHBIX.

3. YMeHbIIMB 3HaueHUe MapameTpa autovacuum_freeze_max_age
Y OTKJTFOUMB aBTOOUUCTKY, BOCIIPOU3BEIUTE CUTYalL[UIO
MIPUHYAUTEILHOTO CpabaThIBaHUsI aBTOOUMCTKH, BBITIOJTHUB
COOTBETCTBYIOLL|ee KOJIMYECTBO TPaH3aKLIUM.

Yurure, uto cpabaTbiBaHUe TIPOM30MET He Cpa3sy, a Ipu
BBITIOJTHEHUY PYYHOM OUMCTKH KaKOW-HUOYIb TaO/IUIIbI
(unu Tipu mepe3arycke cepBepa).
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3. UTO6bI TpaH3aKUUSAM BblAENANNCH HAacTosWMe (He BUPTYasibHbIe)
HOMepa, B TpaH3aKLMN HY)XHO MEHSATb AaHHbIE.

MOX)XHO opraHM3oBaTb LUK/ B bash, B KOTOpOM BbI3bIBaTb PSql ¢ KOMaHOoM
OGHOB/IEHVA:

psql -c "UPDATE ...'

[pyroii BapuaHT — 1Cnosib3oBaTth 4159 opraHm3aunn umkna PL/pgSQL.
[na 3TOro MOXHO co34aTb NPouenypy, BbINOMHAKLWYIO douKcauunto
TpaH3akunm UM 1cnosb3oBatb 6/10K ¢ 06pabOTKON UCKTHOUEHWIA.

[Mpu nepexsare NCK/IYEHUS TPpaH3akuusa OyaeT oTKaTbiBaTbCA K HEABHOW
TOYKe COXpaHeHUs: pakTU4YeCKM Ha4YHETCA HOBas B/1IOXEHHAasA TpaH3aKLums
(cM. Temy «CTpaHuLbl U BEPCUM CTPOK»).

TpeTunii BapMaHT — ncnonb3oBaTb yTUANTY pgbench:
https://postgrespro.ru/docs/postgresgl/16/pgbench




1. 3amopo3ka npu COPY WITH FREEZE

Co3pmaeM TabuIly U 3arpykaeM HEeCKOJIBKO CTPOK B OIHOM U TOM 3Ke TpaH3aKIIUu:
=> CREATE DATABASE mvcc_freeze;

CREATE DATABASE

=> \c mvcc_freeze

You are now connected to database "mvcc freeze" as user "student".
=> BEGIN;

BEGIN

=> CREATE TABLE t(n integer);

CREATE TABLE

=> COPY t FROM stdin WITH FREEZE;

=1

= 2

= 3

= \.

COPY 3

=> COMMIT;

COMMIT

IIpoBepsieM BepCHUU CTPOK:

=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

=> 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 AS xmin,
age(t_xmin) AS xmin_age,
CASE WHEN (t_infomask & 256) > 0 THEN 't' END AS xmin_c,
CASE WHEN (t_infomask & 512) > 0 THEN 't' END AS xmin_a,
t_xmax AS xmax,
t_ctid
FROM heap_page_items(get_raw_page('t',0))
ORDER BY 1p;

CREATE VIEW

=> SELECT * FROM t_v;

ctid | state | xmin | xmin age | xmin ¢ | xmin a | xmax | t ctid
------- B ik e S e e R
(0,1) | normal | 744 | 3]t | t | 0] (0,1)
(0,2) | normal | 744 | 3]t | t | 0] (0,2)
(0,3) | normal | 744 | 3]t | t | 0] (0,3)
(3 rows)

2. COPY WITH FREEZE u u3o/jasinus

B mpyrom ceaHce HauHeM TPaH3aKIUIO C ypoBHeM usoysanuu Repeatable Read.
| => \c mvcc_freeze
| You are now connected to database "mvcc freeze" as user "student".

| => BEGIN ISOLATION LEVEL REPEATABLE READ;



| BEGIN
| => SELECT pg_current_xact_id();

pg current xact id

O6paTuTe BHUMaHHeE, YTO 9Ta TPAH3aKIUS He JOJIKHA obpamarthesi K Tabnuue t.

Teneps onmycTomuM TaOIUIy U 3aTPy3UM B Hee HOBHIE CTPOKU B OOHOM TpaH3akiuu. Ecnu 65l mapasiesibHas TPAH3aKINUS
npouuTana comepxkumoe t, komanga TRUNCATE oxwupnasa Obl ee 3aBEPIIEHUS.

=> BEGIN;

BEGIN

=> TRUNCATE t;

TRUNCATE TABLE

=> COPY t FROM stdin WITH FREEZE;
=> 10

=> 20

=> 30

= \.

COPY 3

=> COMMIT;

COMMIT

Tenepb IIapanjejbHad TPaH3aKIusa BUOUT HOBEIE NaHHBIE, XOTA 3TO U HapyllaeT U30JIAINUIO:
| => SELECT * FROM t;

n

10
20
30
(3 rows)

| => commIT;
| commIT

| = \q
3. ABapuitHOoe cpaf0aTbIBaHHe aBTOOYHCTKH

IIpemBapuTENbHO 3aMOPO3UM BCE TPaH3aKIMMU BO BCcex 0asax. [ 3Toro ymoOHO BOCIIOIH30BaThCS KOMaHAo# vacuumdb:
student$ vacuumdb --all --freeze

vacuumdb: vacuuming database "mvcc freeze"
vacuumdb: vacuuming database "postgres"
vacuumdb: vacuuming database "student"
vacuumdb: vacuuming database "templatel"

MaxkcumManbHbINR BO3pacCT HE3aMOPO2KEHHBIX TpaHSaKLII/Iﬁ o BceM B]I:

=> SELECT datname, datfrozenxid, age(datfrozenxid) FROM pg_database;

datname | datfrozenxid | age
_____________ U
postgres | 749 | 0
student | 749 | 0
templatel | 749 | 0
template0 | 722 | 27
mvcc_freeze | 749 | 0
(5 rows)

OTKII09aeM aBTOOYHUCTKY.

=> ALTER SYSTEM SET autovacuum = off;



ALTER SYSTEM

YMeHbIllaeM 3HaYE€HUS TapaMeTpPOB:

=> ALTER SYSTEM SET vacuum_freeze_min_age = 1 000;
ALTER SYSTEM

=> ALTER SYSTEM SET vacuum_freeze_table_age = 10_000;
ALTER SYSTEM

=> ALTER SYSTEM SET autovacuum_freeze_max_age = 100_000; # mMMHMManbHoe 3Ha4yeHue
ALTER SYSTEM

TpebyeTcst mepe3arpyska cepsepa.

student$ sudo pg_ctlcluster 16 main restart

student$ psql mvcc_freeze

ITomy4uTs GOJIBIIOE KOJIMYECTBO TPAH3AKLINM MOXKHO Pa3HBIMU CII0COOaMu; HAalpUMepP, MOXKHO BOCIIOJIb30BATHCS YTHUIUTON
pgbench. I[TompocuM ee HHULIIMATU3UPOBATH CBOM TAGIUIL ¥ BHIIOMHUTE 100000 TpaH3aKIn.

student$ pgbench -i mvcc_freeze

dropping old tables...

NOTICE: table "pgbench accounts" does not exist, skipping

NOTICE: table "pgbench branches" does not exist, skipping

NOTICE: table "pgbench history" does not exist, skipping

NOTICE: table "pgbench tellers" does not exist, skipping

creating tables...

generating data (client-side)...

100000 of 100000 tuples (100%) done (elapsed 0.16 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.35 s (drop tables 0.00 s, create tables 0.01 s, client-side generate 0.19 s,
vacuum 0.06 s, primary keys 0.09 s).

BrITIOSTHEHHME CTa THICSY TPAH3aKIMH MOXKET 3aHSTh 3aMeTHOe BpeMsi, KITio4 --protocol=prepared HeMHOTO YCKOpPSIET
paboTy 3a cYeT UCIIOIb30BaHUS IIOATOTOBIIEHHAIX OIIEPATOPOB:

student$ pgbench -t 100000 -P 5 --protocol=prepared mvcc_freeze

pgbench (16.3 (Ubuntu 16.3-1.pgdg22.04+1))
starting vacuum...end.
progress: 5.0 s, 514.2 tps, lat 1.943 ms stddev 0.525, 0 failed

progress: 10.0 s, 562.0 tps, lat 1.778 ms stddev 0.482, 0 failed
progress: 15.0 s, 480.6 tps, lat 2.080 ms stddev 1.993, 0 failed
progress: 20.0 s, 607.2 tps, lat 1.646 ms stddev 1.238, 0 failed
progress: 25.0 s, 656.6 tps, lat 1.522 ms stddev 0.867, 0 failed
progress: 30.0 s, 667.4 tps, lat 1.498 ms stddev 0.467, 0 failed
progress: 35.0 s, 646.6 tps, lat 1.546 ms stddev 0.444, 0 failed
progress: 40.0 s, 440.0 tps, lat 2.268 ms stddev 1.575, 0 failed
progress: 45.0 s, 614.8 tps, lat 1.628 ms stddev 0.734, 0 failed
progress: 50.0 s, 653.6 tps, lat 1.530 ms stddev 0.420, 0 failed
progress: 55.0 s, 597.4 tps, lat 1.673 ms stddev 0.885, 0 failed
progress: 60.0 s, 602.6 tps, lat 1.659 ms stddev 0.522, 0 failed
progress: 65.0 s, 654.2 tps, lat 1.528 ms stddev 0.340, 0 failed
progress: 70.0 s, 630.2 tps, lat 1.586 ms stddev 0.828, 0 failed
progress: 75.0 s, 659.2 tps, lat 1.517 ms stddev 0.361, 0 failed
progress: 80.0 s, 647.2 tps, lat 1.544 ms stddev 1.255, 0 failed
progress: 85.0 s, 636.4 tps, lat 1.570 ms stddev 0.359, 0 failed
progress: 90.0 s, 627.6 tps, lat 1.594 ms stddev 0.372, 0 failed
progress: 95.0 s, 639.4 tps, lat 1.562 ms stddev 0.327, 0 failed
progress: 100.0 s, 634.4 tps, lat 1.577 ms stddev 0.312, 0 failed
progress: 105.0 s, 616.8 tps, lat 1.620 ms stddev 0.509, 0 failed
progress: 110.0 s, 604.8 tps, lat 1.653 ms stddev 0.482, 0 failed
progress: 115.0 s, 614.2 tps, lat 1.628 ms stddev 0.411, 0 failed
progress: 120.0 s, 638.0 tps, lat 1.567 ms stddev 0.302, 0 failed
progress: 125.0 s, 623.0 tps, lat 1.604 ms stddev 0.439, 0 failed
progress: 130.0 s, 597.6 tps, lat 1.672 ms stddev 0.465, 0 failed
progress: 135.0 s, 581.2 tps, lat 1.719 ms stddev 0.714, 0 failed
progress: 140.0 s, 611.6 tps, lat 1.635 ms stddev 0.462, 0 failed
progress: 145.0 s, 620.4 tps, lat 1.611 ms stddev 2.726, 0 failed
progress: 150.0 s, 649.0 tps, lat 1.539 ms stddev 0.319, 0 failed
progress: 155.0 s, 643.8 tps, lat 1.554 ms stddev 0.494, 0 failed
progress: 160.0 s, 647.8 tps, lat 1.543 ms stddev 0.416, 0 failed
transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: prepared
number of clients: 1
number of threads: 1



maximum number of tries: 1

number of transactions per client: 100000

number of transactions actually processed: 100000/100000
number of failed transactions: 0 (0.000%)

latency average = 1.628 ms

latency stddev = 0.852 ms

initial connection time = 2.664 ms

tps = 613.800346 (without initial connection time)

BupHO, YTO BO3pacT He3aMOPOXKEeHHBIX TPaH3aKIUY NIPeBHIIIaeT yCTaHOBIEHHOe IIoporosoe 3HadeHue (100000):

=> SELECT datname, datfrozenxid, age(datfrozenxid) FROM pg_database;

datname | datfrozenxid | age

_____________ L
postgres | 749 | 100013
student | 749 | 100013
templatel | 749 | 160013
template0 | 722 | 100040
mvcc_freeze | 749 | 160013
(5 rows)

Teneps npu BenonHeHuyu Komauasl VACUUM pans mro6o¥ TaGinuilel OyneT 3amyIeH IPolecC aBTOOYUCTKY.
=> VACUUM t;

VACUUM

Cpeqnu mpoleccoB MOsBUIICS autovacuum worker:

student$ ps -o pid,command --ppid 115020

PID COMMAND
115021 postgres: 16/main: checkpointer
115022 postgres: 16/main: background writer
115024 postgres: 16/main: walwriter
115025 postgres: 16/main: logical replication launcher
115067 postgres: 16/main: student mvcc freeze [local] idle
115442 postgres: 16/main: autovacuum worker template0®

W gyepe3 HEKOTOpPOe BpeMs TpaH3aKLIuu OKaXyTCs 3aMOPOXKEHHBIMU:

=> SELECT datname, datfrozenxid, age(datfrozenxid) FROM pg_database;

datname | datfrozenxid | age
_____________ L
postgres | 100762 | 0
student | 100762 | ©
templatel | 100762 | 0
template0 | 100762 | 0
mvcc freeze | 99829 | 933

(5 rows)



