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Tembl Posygres

[Tpo6sieMa TieperioTHeHUsT CUeTYMKa TPaH3aKIH
3amMopo3Ka BepCHM CTPOK U MpaBuia BUAUMOCTH
HacTpoiika aBTOOUMCTKH [1J151 BBITIO/THEHUST 3aMOPO3KH

3aMOpO3Ka BPYUHYIO
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[lepenosiHeHne cyeTumKa Posigres

MeHbIITFe HoMepa — TIPoIIIoe, O0/IbIIe — Oyayiiee
paspsAAHOCTb cueTurka — 32 GuTa, UTO ZIe/aTh IPH MepPeroTHeHUN?

TpaH3akuusa 2
Hauanach noxe
TpaH3akuum 1

\/

® ©
npowunoe oyayliee

KpoMe 0cBOGOXAEeHNSI MecTa B CTPaHULLAX, OUUCTKA BbINOHAET Takke
3a/1a4y no NpeaoTBpaLLeHNIO NPo6/1eM, CBA3aHHbIX C NEPenosIHEHNEM
cyeTymKa TpaH3aKLUMWiA.

Mon Homep TpaH3akumn B PostgreSQL BbigeneHo 32 6uta. 310 AOBOSILHO
60nbLoe uncno (oKoso 4 Mnpa HOMepPOB), HO NPU aKTUBHOW paboTe
cepBepa OHO BMNoJsiHE MOXET ObITb McyepnaHo. Hanprumep npu Harpyske
1000 TpaH3akuuii B CeKkyHay 3TO NPON30MAET BCEro Yepes noaropa mecsauya
HenpepbIBHON paboThbl.

Ho Mbl roBopuvan 0 TOM, YTO MEXaHM3M MHOTOBEPCMOHHOCTU NosiaraeTcst Ha
nocriefoBaresibHy0 HyMmepaumo TpaH3akumMi — U3 ABYX TpaH3aKLUuii
TpaH3aKUmMsA C MEHbLUMM HOMEPOM CUMTAETCA HavyaBLUENCA paHbLue.
MOHATHO, YTO HEesb3A MPOCTO OOHY/IUTb CYETUUK N MPOAOC/DKNTL HyMepaLmto
3aHOBO.

MoyemMy nof HOMep TpaH3akuun He BblaeneHo 64 6uta — Befb 3TO
MOSTHOCTbLIO UCK/HOUNIIO Bbl Npobnemy? [eno B ToM, UTO (Kak
paccmartpuBanocb B TeMe «CTpaHuLbl U BEPCUMM CTPOK») B 3aro/ioBKe
KaoK0M BEPCUM CTPOKN XPaHATCA ABa HOMepa TpaH3akLnin — Xxmin 1 xmax.
3arosi0BOK 1 Tak AOCTaTO4YHO 60/bLUOM, a YBeNiMyeHne paspsagHoOCTU
npuBeno 6bl K ero yBenmyeHuto eule Ha 8 6aiT.
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Hymepauus no Kpyry Pos{gres

MPOCTPaHCTBO HOMEPOB TPaH3aKLMi 3aKO0/IbLI0BAHO
T0JIOBMHA HOMEPOB — TIPOILIIOe, MTOJIOBUHA — Oyaylijee

BO3pacT TpaH3akuum

D

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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[Mpobnema BUANMOCTH Posigres

1 TpaH3sakums 1
Halgz:igzﬂ:nem BHe3arHo okasanach
B 6) em?
B NPOLL/IOM Y ayLL

B TakoW 3aK0/bLIOBAHHOI CXEME BO3HUKAET HEMPUSITHAS cUTyaumsi.
TpaH3akuUusi, HaxoauBLLAsiCA B Aa/IeKOM NpoLiom (TpaH3akuus 1

Ha cnalige), yepe3 HEKOTOPOE BPEMSI OKaXKETCS B TOW NOMOBUHE Kpyra,
KOTOpasi OTHOCUTCA K ByAyLiemMy. TO, KOHEYHO, HapyLLUUT npaBuna
BUANMOCTM U NPUBEAET K NpoG/ieMam.
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3amMopo3Ka BePCUii CTPOK Posigres

3dMOpOXeHHbIe BEDCUH CTPOK CUHMTAIOTCA «beCKoHeUHO CTapbIMK»
HOMEP TPpaH3dKLIWH Xmin MoyKeT ObITb UCI0/IL30BaH 3aHOBO

YTOObI HE A0NYCTUTL NyTELIECTBUI U3 NPOLL/IOro B byayllee, npouecc
OYMCTKM BbINOJHAET elle ogHy 3agady. OH HaxoauT AOCTaToOYHO cTapble U
«X0/10Hble» BEPCUN CTPOK (KOTOPble BUAHbI BO BCEX CHUMKaX U U3MEHEHNE
KOTOPbIX Y)K€ Ma/IOBEPOSTHO) U cneymasibHbIM 06pa3oM nomeyaetr —
«3aMopaxmnBaeT» — MX. 3aMOPOXEHHasA BEPCUsi CTPOKN cUMTaeTcs cTaplue
NOO6bIX 0ObIYHBIX AaHHbIX U BCerga BuAHa BO BCEX CHUMKaxX AaHHbIX. [1pu
3TOM YyXXe He TpebyeTcs CMOTPETb HA HOMep TpaH3akuun Xxmin, 1 aToT
HOMep MOXEeT ObITb 6e30nacHO UCMNob30BaH 3aHOBO. Takum obpasom,
3aMOpPOXEHHbIE BEPCUM CTPOK BCerga ocTakTcs B NPOLLJIOM.

https://postgrespro.ru/docs/postgresgl/16/routine-vacuuming#VACUUM-FOR
-WRAPAROUND
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3amMopo3Ka BepPCUil CTPOK Posigres

Ellle ofiHa 3a/1aua Tporiecca OUMCTKU

eCJId BOBpPeMsi He 3aMOPO3UTh BEPCHU CTPOK, OHU OKaXKyTCsI B OyzyIiiemMm
Y CepBep OCTAaHOBUTCS /1JIsl TIPeJOTBPallleHUst OLIMOKH

Ha Homep
60onblUe He
CMOTpUM

Xmin committed

xmin aborted
Xmax committed

Xmax aborted

yKkasaresb Xmin  xmax [aHHble

(0,2) normal » 100 0

npusHak
3aMOpPO3Kn

—
—

42,FOO

[na Toro YTo6bLI NOMETUTL BEPCUIO CTPOKM KaK 3aMOPOXEHHYIO, AJ15
TpaH3akuMm Xxmin BbICTaB/ATCA OAHOBPEMEHHO 06a buTa-noackaskm —
ouT chukcaumm n GUT OTMEHbI.

3amMeTuM, 4TO TPAH3aKLUMI0 Xmax 3aMopaxnBaTb He HY)XHO. Ee Hanmume
O3HavaeT, UTo AaHHasi BEpCcusl CTPOKM 6o/bLUe He akTyanbHa. Mocne Toro,

Kak OHa nepecTtaHeT ObITb BUANMOM B CHUMKaX laHHbIX, Takasi Bepcus
CTPOKM BGyAeT ouuLLEeHa.

MHOrne NCToYHUKKN (BKNKOYAA AOKYMEHTaLMI0) YNOMUHAKOT creunasbHbIi
HoMep FrozenTransactionld = 2, KOTOpbI 3anNnUCbIBAETCA HA MECTO XMin
B 3aMOPOXEHHbIX Bepcusax. Takas cuctema gencrsoBasia o sepcumn 9.4,
HO ceillyac 3aMeHeHa Ha OUTbI-NMOACKa3KN — 3TO MO3BOJIAET COXPaHUTL

B BEPCUMU CTPOKM UCXOLHbIN HOMEpP TpaH3akuuu, YTo yA06HO 414 Lenen
nogaepXxku n otnagkn. OgHako TpaH3akuMm ¢ HOMepoMm 2 eLle MoryT

BCTPETUTLCA B CTapbIX CUCTEMAX, AaKe 0OHOBMNEHHbIX 40 NOCNeAHNX
BEpPCUA.

BaxHO, UTOObLI BEPCUM CTPOK 3aMOpaxXmnBasiucb BOBpeMs. EC/in BO3HUKHET
cuUTyauus, Npu KOTOPOiA elle He 3aMOPOXEHHbI HOMepP TpaH3akuum puckyeT
nonacTb B 6yayuiee, PostgreSQL aBapuiiHO OCTAHOBUTCHA. DTO BO3MOXHO

B ABYX C/lyyasx: MO0 TpaH3akuusa He 3aBepLleHa u, criefoBaTtefibHo, He
MOXET ObITb 3aMOpOXeHa, NMb0 He cpaboTasia ouncTKa.

Mpu 3anycke cepBepa TpaH3akumsa 6yaeT aBTOMaTUYeCckn OTMEHEHA,

fanblie aAMUHUCTPATOP A0/MKEH BPYYHYHO BbINOIHUTL OYUCTKY, U Noc/e
3TOro cUcTEMa CMOXET NPOAO/HKUTL PaboTy.
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HacTtponka Posggres

vacuum_freeze_min_age

vacuum_freeze_min_age

MUWHUMAJIbHBIN BO3pacT,
C KOTOPOr'o HAYMHAETCA 3aMOPO3Ka

3aMOopOo3Koi yNpaBsitoT YeTblipe OCHOBHbIX NapaMeTpa.

MapameTp vacuum_freeze_min_age onpeaensieT MUHUMasbHbI BO3pacT
TpaH3akumMm Xmin, ¢ KOTOPOro Ha4YMHaeTCs 3amMopOo3Ka.

UeM MeHbLLIE 3TO 3HaYeHne, TemM 60/1bLIe MOXET ObITb HaKMNaaHbIX
pacxofoB. Ecnu cTpoka «ropsvyas» 1 akTUBHO MEHSAETCSH, 3aMOpPO3Ka ee
Bepcuii byaeTt nponagatb 6€3 Nnosib3bl: YXKe 3aMOPOXEHHbIE BepcUn byayT
BblUMLLATLCS, & HOBbIE BEPCUN NPUAETCA CHOBA 3aMOpPaXnBaTb.

MoaTomy 6osiee Mo/ofble BEPCUN CTPOK 3aMOPaKMBAOTCS TO/bKO B TEX
cryyasx, Korja aTo TOYHO He 06aBnseT paboThl, HANPUMEp, ecNu

B CTPaHuLIe yxe TpebyeTcs 3aMopo3Ka Apyrux (6onee ctapblx) CTPOK
WV NP NOJHOM OYNCTKE TabnuLbl.

3amMeTuM, YTO OYMCTKa NPOCMATPMBAET TO/IbKO CTPaHULIbI, HE OTMEYEHHble
B KapTe BMAMMOCTU. ECnn Ha CTpaHuLie OCTa/IUCh TOMIbKO aKTyaslbHble
BEPCUM, TO OUMCTKA He NPUAET B TaKyl CTpaHULY U He 3aMOpPO3UT UX.

B 3aronoBke TabnNMYHOM CTPaHNLbl TAKKe NMEETCHA NPU3HaK BUAMMOCTH
BCEX BEPCUI CTPOK B HEW; OUMCTKA NUCMOMb3YET €ro BMecTe
C COOTBETCTBYHOLLEN OTMETKOM B KapTe BUANMOCTM.
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HacTtponka Posggres

vacuum_freeze_min_age

vacuum_freeze_table_age

TIpY TOCTVXKEHUH TaKOTO BO3pacTa
3aMOpPaKMBAIOTCSI BEPCUM CTPOK Ha BCeX CTPaHUL[aX
(«arpeccuBHas» 3aMOpO3Ka)

[J151 YCKOPeHUsI MCT0JIb3yeTCsl KapTa 3aMOPO3KU

vacuum_freeze_table _age

MapameTp vacuum_freeze_table_age onpenensiet Bo3pacT TpaH3aKLuuu,
MPY KOTOPOM NMopa BbIMNOHATL 3aMOPO3KY BEPCUIA CTPOK Ha BCEX CTPaHuULIax
Tabnuubl. Takasi 3aMOPO3Ka Ha3bIBAETCS «arpecCUBHO».

[nsa kaxnoi Tabnuupbl XpaHutca HoMmep TpaH3akumn (pg_class.relfrozenxid),
[N KOTOPOro N3BECTHO, YTO B BEPCUAX CTPOK HE OCTa/10Cb H6onee cTapbixX
He3aMOpPOXXeHHbIX HOMEPOB TPaH3akLUuii. Bo3pacT aToil TpaH3akuun

N CpaBHMBAETCS CO 3HAYeHneM napamMeTpa.

UTo6bl HE NpoCMaTpMBaTh BCHO Tab/uMLy LEeNNKOM, BMECTE C KapToi
BUAMMOCTMN BEAETCS Kapma 3aMOpPO3KU. B Hell 0TMeueHbl CTpaHuLpbl,

B KOTOPbIX 3aMOPOXXEHbI BCE BEPCMUN CTPOK. Takme CTpaHuLbl Npu 3aMopo3Ke
MOXHO MpPomnycKarTb.

[laxxe B arpeccMBHOM pexnmMe BCe BEPCUM CTPOK C TpaH3akumMsamm mnaglie
vacuum_freeze_min_age He 3aMopaxnBatoTCs, NO3TOMY MOC/ie 3aMOPO3KM
HOBbI BO3pacT TpaH3akuun relfrozenxid 6yaeTt paBeH He Hy/Io,

a vacuum_freeze _min_age. Takum 06pa3om, 3aMOpo3Ka BCeEX CTpaHuL,
BbINoSIHAETCA pa3 B (vacuum_freeze_table _age — vacuum_freeze min_age)
TpaH3aKUnia.

Mbl y)Xe rOBOPUN, UTO C/IMLLIKOM MasileHbKoe 3HauyeHne napameTpa
vacuum_freeze_min_age yBenMunBaeT HaKNaHble Pacxofbl Ha OYMCTKY.
Ho npu 60NbLUMX 3HAYEHUSIX arpeccrBHas 3aMopo3ka 6yaeT BbINO/HATLCS
C/IMLLUKOM 4acTo, YTO TOXeE M/10X0. YCTaHOBKa 3TOr0 napameTpa TpedyeT
koMnpomucca.
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HacTtponka Posggres

vacuum_freeze_min_age

autovacuum_freeze_max_age

IpH JOCTHXKEHHWH TAKOI'0 BO3pACTa
3dMOPO3Kd 3dllyCKadeTCA IMMPUHYyAUTE/IbHO

onpegessier paamep CLOG

VACUUM (index_cleanup off)

vacuum_freeze_table _age

autovacuum_freeze_max_age

MapameTp autovacuum_freeze_max_age onpepensiet Bo3pacT
TpaH3akUuu, Npu KOTOPOM 3aMopo3Ka 6YAeT BbINOMHATLCS NPUHYANTENBHO.
ABTOOUMCTKA A1 NPeA0TBPAaLLEHUS NOCNEACTBUIA NEPEnosIHEHUS CUETUMKA
TpaH3aKUuii 3anycTuTCs, AaXe ec/iM OHa OTK/loueHa napameTpamum,

JTOT NnapameTp Takke onpeaenset pasmep cTpyktypbl CLOG: gaHHble
0 cTaryce 6onee cTapbIx TpaH3akUMii TOYHO HUKOr4a He NoHaa06sTCs,
noaTtomy yacTtb thainsioB n3 PGDATA/pg_Xact MOXET ObITb yaasieHa.

Ecnn agMnHUcTpaTtop NOHMMAET, UTO aBTOOUMCTKA He yCrneeT 3aMOopo3nTb
BEPCUN CTPOK [0 NepenosiHEHNA CHETUMKA TPaH3aKLUMIA, MOXHO
BOCMO/1b30BaTbCSA PYYHOI O4YNCTKOWN ¢ napameTpoM index_cleanup off.

B aTOoM cnyyae nHOeKcbl He Bya4yT ounLLaThCA, HO 3a CYET 3TOro Bepcumn
CTPOK B Tabnmuyax 6yayT 3aMOpPOXeHbl ObICTpee.
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HacTtponka Posggres

vacuum_freeze_min_age

vacuum_failsafe_age

TIpY IOCTIKEHUU TaKOTO BO3pacTa
OYMCTKA MePeXOAUT B 3aLUTHBIA PeXXUM pabOoThI

vacuum_freeze_table _age

autovacuum_freeze_max_age
vacuum_failsafe_age

11

MapameTp vacuum_failsafe _age ynpaBnseTt BK/IOYEHNEM 3alljumHO20
pexuma paboTbl OUNCTKK, KOTOPbIN CNYXUT ANS YCKOPEHUS 3aMOPO3KN
HOMEPOB TPaH3aKLUMIA.

B aToM pexume 6yayT OTMEHEHbI perfiaMeHTHbIe 3aePXXKu
autovacuum_vacuum_cost_delay v vacuum_cost_delay. Takxe He 6yayT
BbIMNONIHATLCA HEKOTOPbIE Heobs3aTe bHble paboTbl (HaNpMMep oYnCTKa
NHOEKCOB). Takne Mepbl NO3BOMAT OUNCTKE BbICTpee 3aMOpO3UTh CTapble
TpaH3aKunn U nepeinT B 06bIYHbIA PEXUM PaboThl.
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HacTtponka Posggres

KoH@urypaloHHbIe apaMeTpbl

vacuum_freeze_min_age = 50000000
vacuum_freeze_table_age = 150000 000 }
() autovacuum_freeze_max_age = 200 000 000

1 600 000 000

vacuum_failsafe_age

[TapaMeTpbl XpaHeHUsI TaOJIHI]

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

3Ha4yeHund No ymonyaHuo A0BO/IbHO KOHCepBaTuBHbI. [peaen ans
autovacuum_freeze_max_age — nopsiika 2 MApA TpaH3akuui,

a ucnosnb3yetca 3HavyeHue B 10 pa3 meHbLlee. MOXHO yBeNNYNTbL 3HaUYeHUA
vacuum_freeze table _age v autovacuum_freeze _max_age pons
YMEHbLUEHNA HakMagHbIX pacxoAoB, HO BXXHO NOHMMATbL, YTO ec/in Mo
KakMM-TO NpuynHam (Hanpumep, n3-3a He3aBepLUEHHOW TpaH3aKLuum)
aBTOOYMCTKA BOBPEMSI HE CNPaBUTCS C 3aMOPO3KOI, Y agMUHUCTParTopa
OCTaHeTCs MaJio BpeMeHW And NpuHATUA Mep. 3aMeTbTe, YTO U3MEHEHMe
napametpa autovacuum_freeze _max_age TpebyeT rnepesanycka cepsepa.

3Ha4veHue no ymonyaHuo vacuum_failsafe_age 3HaunMTenbHO 60/blUe, YeM
autovacuum_freeze_max_age, n ecnu o ncyepnaHma HOMepoB OCTaHeTCA
MaUs10 BPEMEHW, 3alLUUTHbIN PEXUM YCKOPUT 3aMOpPO3KY.

OTMETUM, YTO CEPBEP MOXET CKOPPEKTMPOBATL YCTAHOB/IEHHbIE 3HAUYEHWS
napameTpoB vacuum_freeze _min_age, vacuum_freeze_table _age v
vacuum_failsafe_age ncxoga n3 3HadyeHus autovacuum_freeze_max_age.

Psf napaMeTpoB Takke MOXHO ycTaHaB/MBaTb Ha YPOBHE OTAE/bHbIX
Tab/1mL, C NOMOLLbLI0 NapaMeTpPoB XpaHeHUs. ITO UMEET CMbICN AenaTb
TO/IbKO B OCOBEHHbIX Criyvasx, Korga tabnvua AeicTBuTeNlbHO TpebyeT
0cob0ro 06xoxaeHuns. 3aMeTbTe, YTO MMEeHa NapamMmeTpoB Ha YPOBHe Tabnuy,
HEMHOIO OT/INYaKTCA OT UMEH KOHPUIypaunoHHbIX NapaMeTpoB.

B Moayne «BnokKMpoBKM» paccMaTpuBatoTCs T. H. My/NbTUTPaH3aKLnK
1 [ONOSHUTE NbHbIE NAapaMeTpbl HACTPOKM 3aMOPO3KN AN HUX.

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



https://www.postgresql.org/docs/16/runtime-config-autovacuum.html#GUC-AUTOVACUUM-FREEZE-MAX-AGE
https://www.postgresql.org/docs/16/runtime-config-autovacuum.html#GUC-AUTOVACUUM-FREEZE-MAX-AGE

3amopo3ka

VcTaHOBHUM IS IEMOHCTPAIIUY ITapaMeTPhI 3aMOPO3KH.

He60J1b11108 BO3pacT TpaH3aKIUU:

=> ALTER SYSTEM SET vacuum_freeze_min_age = 1;

ALTER SYSTEM

Bospacrt, mocjie KOTOpOro 6y/[eT BHIITOJIHITHCS 3aMOP0O3Ka BCeX CTPaHMUIT;
=> ALTER SYSTEM SET vacuum_freeze_table_age = 3;

ALTER SYSTEM

U OTKJIIOUMM aBTOMAaTHYECKYI0 OYHCTKY, YTOOBI 3aIIyCKATh €€ BPYUHYIO B HY>KHBIM MOMEHT.
=> ALTER SYSTEM SET autovacuum = off;

ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

CoszaguM Tab/InIy ¢ JaHHBIMHU. YCTaHOBUM MHUHHUMAaJIbHEIH fillfactor: Ha kaXk#oit cTpaHuUIle OyieT BCETOo ABE CTPOKH.
=> 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

Co3paguM IIpefcTaBIeHHe I HabIoeHNs 3a 6UTaMU-TI0/icKaskaMH Ha IIePBHIX IBYX CTPaHUIaX Ta6JIUITbL.

Ceifuac HaC MHTepPeCyeT TOJHKO Xmin ¥ GUTEI, KOTOPbIe OTHOCSTCS K HEMY, II0CKOJIBKY BEPCUH CTPOK C HEHYJIEBEIM Xmax GyayT
ouuIreHkEl. KpoMe Toro, BEIBEIEM U BO3pacT TPaH3aKIMH Xmin.

=> CREATE EXTENSION pageinspect;
CREATE EXTENSION

=> CREATE VIEW t_v AS
SELECT '('||blkno|]',"||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

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

Jy1 TOTO YTOOHI 3aIVITHYTh B KapTy BUAMMOCTH U 3aMOPO3KH, BOCIIOJIb3yeMcs ellle OHUM pacIlIupeHHeM:
=> CREATE EXTENSION pg_visibility;

CREATE EXTENSION



BcraBisieM flaHHbIe. Cpasy BHIITOJIHUM OYHCTKY, YTOOBI 3aII0JTHUTD KapTy BUJUMOCTH.

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

=> VACUUM t;

VACUUM

ITocsie 0YKUCTKY 06€ CTpaHUIIBI OTMeUYeHE] B KapTe BUAMMOCTH (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

_______ e
0]t | f
1|t | f

(2 rows)

KaxkoB BO3pacT TpaH3aKI[UH, CO3/aBIIel CTPOKU?

=> SELECT * FROM t_v;

ctid | state | xmin | xmin age | xmin c | xmin_a | xmax
------- B e e R i e
(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)

OGHOBHUM CTPOKY Ha HYJIEBOH cTpaHuIle. HoBas Bepcus ITonazieT Ha Ty Ke CTPaHUIly 6J1aro/iapsi HeG0IbLIIOMY 3HAaUEHHI0
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
------- R e R S s R TR SR
(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)

Ceifuac HyJIeBasi CTpaHHUIIA y>Ke GyeT 06paGoTaHa 3aMOpPO3KOLL:

® B03pacT TPaH3aKI[UH IIPEeBHIIIAeT 3HAUEHHe, YCTAaHOBJIEHHOE B vacuum_freeze_min_age;
® CTpaHHIla ©3MeHeHa U UCKJII0YeHa U3 KapThl BUIHUMOCTH.

=> 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| f | f
1]t | f

(2 rows)

BEITIOTHSIEM OUMCTKY.
=> VACUUM t;

VACUUM

OurcTka 06paboTasa N3MEeHEHHYI0 CTPAHUITY. Y O/{HOM BEPCHH CTPOKH YCTAHOBJIEHE! 062 6HTa — 3TO IPHU3HAK 3aMOPO3KH.
Jlpyrast Bepcusi CTPOKH CJIMIIKOM MOJIO/A, OZHAKO TO>Ke GbLIa 3aMOPO’KeHa IIPH IIPOX0/ie CTPAHHUITHI (3TO IT03BOJIMIO OTMETUTH
HYJIEBYIO CTPAHMILY B KAPTE 3aMOPO3KK):

=> 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)

Teneps o6Ge CTPAHUITEI OTMEUYEHEI B KapTe BUMOCTH (BCe BEPCHU CTPOK Ha HUX aKTyaJbHEI). OUHCTKA Teleps He OyeT
06pabaTrIBaTh HU OHY U3 3TUX CTPAHUI], U He3aMOPO>KeHHBIE BEPCHUU CTPOK Ha IIepBOM CTPAHHIlE TaK U OCTAHYTCSI
He3aMOPOKEHHBIMH.

=> 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)

HMmeHHO JUIA TaKOTo ciayvdas i Tpe6yeTc9{ ImapameTp vacuum_freeze_table_age, onpe,ae]lmomm?l, B KaKO¥ MOMEHT HY>XKHO
IIPOCMOTPETH CTPaHUIIBIl, OTMEUEHHBIE B KapTe BUAUMOCTH, €CJIKM OHHY He OTMEeYeHbI B KapTe 3aMOPO3KHU.

JU1s1 KaoKIom TaﬁJII/ILU:I COXpaHseTCda Hau60JIbIITNHT HOMeEP TpaH3aKIUHY, IJIsI KOTOPOTo BCe BEPCHUU CTPOK C MEHBIITKMMU HOMe€paMHu
xmin TapaHTHUPOBaHHO 3aMOPO’KEHBI. Ee BO3pacT ¥ CpaBHUBAaeETCd CO 3SHaUeHHUEM IlapaMeTpa.

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

relfrozenxid | age

CBIMUTHPYEM BHITIOJTHEHUE ellle OFHOH TpaH3aKIIMHY, YTO6kI Bo3pacT relfrozenxid TaGJIHITbI OCTUT 3HAUEHUS ITapaMeTpa
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

.............. [F S
748 | 3

(1 row)

=> VACUUM t;

VACUUM

Tenepb, IIOCKOJIBKY IrapaHTHPOBaHHO 6BL7Ia IIpOBEPEHa BCA Ta6HHHa, HOMED 3aMOpO)KeHHOfI TpaH3aKIIUHX MO’KHO YBEJIMYUTD —
MBI YBEPEHBI, YTO B CTPaHHUIaX He 0CTaJIOCh 6oJiee CTapOfI HeBaMOpO)KeHHOfI TPpaH3aKIUuH.

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

relfrozenxid | age

BOT 4TO ITOJIy4YHJIOCH B CTPAHUIIAX:

=> SELECT * FROM t_v;



------- L et e S s S
(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
(5 rows)

O6e CTPpaHHUIIBI TEeIlIePb OTMEYEHHBI 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

(2 rows)

HoMep mocsiefHeli 3aMOPOKeHHOM TpaH3aKIIUU eCTh U Ha YPOBHe Bceit B/I:

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

datname | datfrozenxid | age
_____________ L
postgres | 722 | 29
student | 722 | 29
templatel | 722 | 29
template0 | 722 | 29
mvcc freeze | 722 | 29
(5 rows)

OH ycTaHaBJIMBaeTcsd B MUHUMaJIbHOe 3HaueHue u3 relfrozenxid Bcex Ta6smit aToit B/I. Ecoit BospacT datfrozenxid rmpeBricUT
3HaudeHHe I1apaMeTpa autovacuum_freeze_max_age, aBTOOYHCTKaA OYZeT 3allyllleHa IPUHYJATEIbHO.



of] PROFESSIONAL

3amMopo3Ka BpYy4HYyO Posjgres

VACUUM

3aMOpO3Ka BepCHUii CTPOK I10 BO3pacTy B COOTBETCTBUY C HACTPOHKaMU

VACUUM FREEZE

MIPUHYUTe/IbHAsE 3aMOPO3Ka BepCHid CTPOK € Xmin JIFo60oro Bo3pacTta
ToT ke 3ddext 1 mpu VACUUM FULL, CLUSTER

COPY ... WITH FREEZE

TIPUHY/IUTE/TbHAsT 3aMOPO3Ka Cpa3y MocJie 3arpy3Ku
TabnuIja JO/DKHA OBITh CO3/jaHa WK OMYCTOIIIeHA B TOM )Ke TPaH3aKI[UH
MOT'YT HapYyILIUTHCS MMPaBU/Ia U30/ISUH TPAH3AKIUH
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HecMoTps Ha To, 4TO BO BpeMsi paboTbl aBTOOUUCTKM NPU HEOBX0AMMOCTH
BbINOJIHAETCS 1 3aMOPO3Ka, MHOrAa 6bIBaeT YA06HO yNpaBisiTh 3aMOPO3KOA

BPYUYHYIO.
KomaHaa VACUUM, KakK 1 aBTOOUYMCTKA, BbIMO/THUT 3aMOPO3KY
B COOTBETCTBUWN C HACTPOMKaMW.

Ecnu BbinonHnTb KoMmaHay VACUUM FREEZE, 6yayT 3aMOpOXeHbl Bce
BEpCUKM CTPOK 6€e3 OrNsAKM Ha BO3pacT TpaH3akuumii (kak 6yaTo napaMmeTpbl
vacuum_freeze _min_age v vacuum_freeze_table_age paBHbl HY/I0).

[Mpn nepectporke Tabnuubl komaHgamn VACUUM FULL nnm CLUSTER
BCEe CTPOKM TakxkXe 3aMOpakMBatoTCS.

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

[aHHble MOXHO 3aMOpPO3UTb U MPY HaYaslbHOI 3arpy3ke C NOMOLLbHO
komaHgbl COPY, ykasaB napametp FREEZE. [ina atoro Taénuuya gomkHa
6bITb co3gaHa (nnu onyctoweHa komaHgo TRUNCATE) B Tol xe
TpaH3akumn, 4to n COPY. MOCKOMNbKY A5 3aMOPOXEHHbIX CTPOK AENCTBYIOT
oTAeNbHble Npasuia BUANMOCTU, Takmue CTPOKN ByayT BUAHbI B CHUMKaxX
[AaHHbIX APYruX TpaH3akumnii B HapyLleHne 00blYHbIX NpaBus u3onauum (o
TpaH3akuuin c yposHeMm Repeatable Read nnu Serializable), HoO 06bI4HO 3TO
He npeacTasnseT npobnemsl. MogpobHee Takon criyvar paccMmarpmBaeTcs
B NpakTuKe.

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

Tekyllaa peanmsauuns Takoi 3amopo3ku ansa Ta6nuy ¢ TOAST No/THOUEHHO
obpabaTblBaeT TO/IbKO OCHOBHYIO YacTb Tabnuubl, a B KapTe BUAMMOCTU
NpU3HaK BUAMMOCTU BCEX CTPOK He NpocTaB/isgeTca. A 3TO O3HayaeT
[ONOSTHATENbHBIN MPOX0A N0 BCEM CTPaHuUamM Npu nocaenyruen o4nCTKe.



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

of] PROFESSIONAL

Toru Posygres

[TpocTpaHCTBO HOMEPOB TpaH3aKL[1i 3aKOJIbLIOBAHO

IlocTaToyHO CTapbie BepCUM CTPOK 3aMOPa’KUBatOTCS
TIPOIIECCOM OUMCTKU

st onTHMM3aLMKM UCITO/Ib3YyeTCsl KapTa 3aMOPO3KHU
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of] PROFESSIONAL

[1pakTuka Pos{gres

1. TIpoBepsTe C OMOLLIBIO paclIvpeHus pageinspect, UTo rpu
ucronb3oBaHuu KoMaHasl COPY ... WITH FREEZE Bepcuu
CTPOK JIeMICTBUTEJILHO 3aMOPa’KUBarOTCS.

2. YbemuTech, UTO JjaxkKe Ha YpPOBHe U30/SI[MM Repeatable Read
CTPOKM, 3arpy>keHHble KoMaHzi0oui COPY ... WITH FREEZE,
OKAa3bIBaIOTCA BUJHbLI B CHUMKE [JaHHBIX.

3. YMmeHbIIMB 3HaueHUe MapameTpa autovacuum_freeze_max_age
Y OTK/TFOUMB aBTOOUKCTKY, BOCIIPOM3BEAUTE CUTYAL[UIO
TIPUHYAUTETLHOTO CpabaThIBaHUsl aBTOOUUCTKH, BBITTOTHUB
COOTBETCTBYIOLL[ee KOTMUECTBO TPaH3aKLUM.

Yurure, uTo cpabaThiBaHUe TIPOM30ii/IeT He cpa3sy, a Ipu
BBITTOJITHEHUH PYYHOM OUMCTKU KaKOH-HUOYIb TaOMUIbI
(w1u npu nepesarycke cepsepa).

16

3. UTO6bI TpaH3aKUUsIM BblAENANNCH HacTosWwme (He BUPTYasibHbIE)
HOMepa, B TPAH3aKLMN HY)XHO MEHSITb AaHHbIE.

MOoXHO opraHuM3oBatb Lk B bash, B KOTOpOM BbiI3biBaTb psql ¢ KOMaHAOM
0OHOBNEHUS:

psql -c 'UPDATE ...'

[pyroit BapmaHT — McNosib3oBaTth A1s opraHmM3aunn umkna PL/pgSQL.
[N15 3TOro MOXHO co3faTb NPoLenypy, BbINOSHAKLWYH oUKcaLnio
TpaH3akuun uaM 1cnosb3oBatb 6/10K ¢ 06paboTKOM UCKIIOYEHWIA.

Mpu nepexsarte UCKNIOYEHUS TpaH3aKuusa Oy4eT OTKaTbiBATLCA K HEABHOM
TOYKE COXpaHeHus: pakTMYeCcKn Ha4YHETCH HOBas B/IOXEHHAA TpaH3aKLU s
(cm. Temy «CTpaHuLbl 1 BEPCUN CTPOK»).

TpeTnini BapMaHT — MCNOMb30BaTh YyTUANTY pgbench:
https://postgrespro.ru/docs/postgresal/16/pgbench



https://postgrespro.ru/docs/postgresql/16/pgbench

1. 3amoposka npu COPY WITH FREEZE

CoszaeM TabIUITy U 3aTpy’KaeM HeCKOJIbKO CTPOK B OFHOM U TOH ke TpaH3aKIHH:
=> 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 BEPCHH CTPOK:

=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

=> CREATE VIEW t_v AS
SELECT '(0,"'[[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,
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 c | xmin a | xmax | t ctid
------- R T S e C T TR e
(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 usoJjisauus

B ipyroM ceaHce HauHeM TpaH3aKI[HIO C YyPOBHEM H30JIAIHH 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

OGpaTHTe BHUMAaHUeE, YTO 3Ta TPAH3aKITUS He I0JDKHA 00pamaThcs K TabIuIfe t.

Temeps oIyCcTOIIMM TabJIMIly U 3aTPy3UM B Hee HOBBIE CTPOKH B OIHOM TpaH3aKIUHU. Ec/iu 651 mapaslleibHas TPaH3aKIIH
npouuTaa cogepkumMoe t, komagga TRUNCATE oxxuziaia 651 ee 3aBepIlIeHH.

=> BEGIN;
BEGIN

=> TRUNCATE t;

TRUNCATE TABLE

=> COPY t FROM stdin WITH FREEZE;

=> 10

=> 20

=> 30

=> \.

COPY 3

=> COMMIT;

COMMIT

TenepL IIapaJuieJbHasd TPaH3aKIUA BUTUT HOBbIE TaHHBIE, XOTS 3TO X HAPYyNIaeT U30JIAITHIO:
| => SELECT * FROM t;

n

10
20
30
(3 rows)

| => comMMIT;

| commIT

| => \q
3. ABapuiiHoe cpaGaThIBaHHE aBTOOYHCTKH

[IpegBapUTEIFHO 3aMOPO3UM BCe TPAaH3aKIIMU BO BceX 6a3ax. /It 3TOro yI06HO BOCIIOIL30BaThCS KOMaHAoH vacuumdb:
student$ vacuumdb --all --freeze

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

MaxcHMaJIbHBIN BO3pacT He3aMOPO)KeHHBIX TPaH3aKIU 110 BceM B/I:

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

datname | datfrozenxid | age
_____________ L
postgres | 749 | 0
student | 749 | 0
templatel | 749 | 0
template0 | 722 | 27
mvcc freeze | 749 | 0
(5 rows)

OTKJIFOYaeM aBTOOUYMCTKY.

=> ALTER SYSTEM SET autovacuum = off;



ALTER SYSTEM

VMeHbIlIaeM 3Ha4eHUs IIapaMeTpOB:

=> 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; # MuHMManbHoe 3Ha4yeHue
ALTER SYSTEM

TpebyeTcs mepesarpyska cepBepa.

student$ sudo pg_ctlcluster 16 main restart

student$ psql mvcc_freeze

ITosTy9UTE 60JIBIIIOE KOJIMYECTBO TPaH3aKIIMI MOYKHO PasHBIMU CII0CO6aMU; HalIpIMep, MOKHO BOCIIO/Ib30BaThCs YTHUIUTON
pgbench. ITorrpocyM ee MHUITHATHU3UPOBATh CBOM TabJIUITEI U BHIITOTHUTEL 100000 TpaH3aKITHM.

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 0.06 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done in 0.48 s (drop tables 0.00 s, create tables 0.02 s, client-side generate 0.24 s,
vacuum 0.10 s, primary keys 0.12 s).

BBIIIOJTHEHME CTa THICIY TPAH3aKIIMI MO>KeT 3aHITh 3aMeTHOe BpeMsi, KJII0Y —-protocol=prepared HEMHOT0 yCKOpsieT pa6GoTy 3a
CUET KCII0/IH30BAHUS II0/ITOTOBIEHHBIX OIIEPaTOPOB:

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

pgbench (16.2 (Ubuntu 16.2-1ubuntu4))
starting vacuum...end.
progress: 5.0 s, 134.2 tps, lat 7.438 ms stddev 1.876, 0 failed

progress: 10.0 s, 114.4 tps, lat 8.734 ms stddev 2.747, 0 failed
progress: 15.0 s, 135.8 tps, lat 7.370 ms stddev 1.404, 0 failed
progress: 20.0 s, 152.6 tps, lat 6.549 ms stddev 1.898, 0 failed
progress: 25.0 s, 135.4 tps, lat 7.382 ms stddev 1.658, 0 failed
progress: 30.0 s, 129.4 tps, lat 7.726 ms stddev 1.560, 0 failed
progress: 35.0 s, 137.2 tps, lat 7.284 ms stddev 0.939, 0 failed
progress: 40.0 s, 127.6 tps, lat 7.844 ms stddev 1.997, 0 failed
progress: 45.0 s, 132.4 tps, lat 7.549 ms stddev 0.906, 0 failed
progress: 50.0 s, 142.6 tps, lat 7.012 ms stddev 1.070, 0 failed
progress: 55.0 s, 133.8 tps, lat 7.462 ms stddev 1.633, 0 failed
progress: 60.0 s, 129.4 tps, lat 7.730 ms stddev 2.056, 0 failed
progress: 65.0 s, 133.2 tps, lat 7.511 ms stddev 0.830, 0 failed
progress: 70.0 s, 138.2 tps, lat 7.232 ms stddev 0.862, 0 failed
progress: 75.0 s, 124.4 tps, lat 8.039 ms stddev 2.104, 0 failed
progress: 80.0 s, 139.6 tps, lat 7.162 ms stddev 1.056, 0 failed
progress: 85.0 s, 135.2 tps, lat 7.379 ms stddev 0.879, 0 failed
progress: 90.0 s, 129.2 tps, lat 7.756 ms stddev 1.292, 0 failed
progress: 95.0 s, 125.8 tps, lat 7.940 ms stddev 2.160, 0 failed
progress: 100.0 s, 138.4 tps, lat 7.222 ms stddev 0.834, 0 failed
progress: 105.0 s, 140.4 tps, lat 7.123 ms stddev 0.875, 0 failed
progress: 110.0 s, 138.8 tps, lat 7.204 ms stddev 0.719, 0 failed
progress: 115.0 s, 146.6 tps, lat 6.824 ms stddev 0.990, 0 failed
progress: 120.0 s, 138.6 tps, lat 7.207 ms stddev 1.126, 0 failed
progress: 125.0 s, 107.2 tps, lat 9.326 ms stddev 3.077, 0 failed
progress: 130.0 s, 139.6 tps, lat 7.169 ms stddev 0.903, 0 failed
progress: 135.0 s, 137.6 tps, lat 7.261 ms stddev 0.990, 0 failed
progress: 140.0 s, 140.4 tps, lat 7.122 ms stddev 0.967, 0 failed
progress: 145.0 s, 143.6 tps, lat 6.954 ms stddev 0.773, 0 failed
progress: 150.0 s, 131.8 tps, lat 7.591 ms stddev 1.281, 0 failed
progress: 155.0 s, 143.6 tps, lat 6.957 ms stddev 1.148, 0 failed
progress: 160.0 s, 144.8 tps, lat 6.908 ms stddev 2.242, 0 failed
progress: 165.0 s, 178.3 tps, lat 5.590 ms stddev 1.300, 0 failed
progress: 170.0 s, 165.0 tps, lat 6.080 ms stddev 1.868, 0 failed
progress: 175.0 s, 144.4 tps, lat 6.918 ms stddev 0.864, 0 failed
progress: 180.0 s, 141.0 tps, lat 7.090 ms stddev 0.786, 0 failed
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139.
136.
130.
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tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
tps,
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lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
lat
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lat
lat
lat
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lat
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.294
.794
.048
.394
.206

493

.072
.936
.269
.021

430

.300

427

.432
.759

203

.373
.391
.226
.502

572

.446
.179
.539
.310

424

.658
.092
774
.286

226

.270
.905
.636
.485

529

.045
.617
.224
.906

889

.767
.305
.424
.508

003

.196
.961
.995
.484

400

.026

111

.429
.732

260

.784
.629
.002
.750

029

.166
.202
.995
.033

690

.271
.831
.383
.259

150

.291
.734
.203
.962

061

.582
.184
.311
.664

ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
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stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
stddev
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stddev
stddev
stddev
stddev
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.976,
.043,
L1112,
.736,
.830,
.159,
.275,
.459,
.452,
.018,
.872,
.933,
.876,
.998,
.318,
.979,
.917,
.462,
.876,
.932,
. 106,
.347,
.989,
.921,
.989,
.079,
.109,
.081,
.921,
.404,
.517,
.761,
.049,
1113,
.291,
.013,
.203,
.742,
.060,
.922,
.086,
.982,
.451,
.861,
.900,
.015,
.013,
.091,
.310,
.852,
.814,
.910,
.081,
.138,
.909,
.399,
.255,
.273,
.239,
.199,
.992,
.120,
.037,
.835,
.614,
.102,
.096,
.859,
.236,
.937,
.989,
.866,
.143,
.079,
.208,
.931,
.054,
.253,
.888,
.172,

[cNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo)

failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed
failed



progress: 585.0 s, 140.0 tps, lat 7.136 ms stddev 1.058, 0 failed
progress: 590.0 s, 136.8 tps, lat 7.316 ms stddev 0.827, 0 failed
progress: 595.0 s, 138.0 tps, lat 7.243 ms stddev 0.887, 0 failed
progress: 600.0 s, 133.4 tps, lat 7.486 ms stddev 1.240, 0 failed
progress: 605.0 s, 137.4 tps, lat 7.276 ms stddev 0.913, 0 failed
progress: 610.0 s, 128.2 tps, lat 7.800 ms stddev 1.543, 0 failed
progress: 615.0 s, 130.4 tps, lat 7.673 ms stddev 1.721, 0 failed
progress: 620.0 s, 141.4 tps, lat 7.074 ms stddev 0.878, 0 failed
progress: 625.0 s, 143.6 tps, lat 6.960 ms stddev 1.232, 0 failed
progress: 630.0 s, 130.4 tps, lat 7.662 ms stddev 1.145, 0 failed
progress: 635.0 s, 143.8 tps, lat 6.955 ms stddev 1.198, 0 failed
progress: 640.0 s, 133.8 tps, lat 7.469 ms stddev 0.897, 0 failed
progress: 645.0 s, 124.2 tps, lat 8.048 ms stddev 2.270, 0 failed
progress: 650.0 s, 136.6 tps, lat 7.317 ms stddev 0.899, 0 failed
progress: 655.0 s, 135.8 tps, lat 7.371 ms stddev 0.694, 0 failed
progress: 660.0 s, 134.2 tps, lat 7.442 ms stddev 0.890, 0 failed
progress: 665.0 s, 136.8 tps, lat 7.310 ms stddev 0.890, 0 failed
progress: 670.0 s, 137.2 tps, lat 7.293 ms stddev 1.136, 0 failed
progress: 675.0 s, 139.0 tps, lat 7.183 ms stddev 0.933, 0 failed
progress: 680.0 s, 129.2 tps, lat 7.743 ms stddev 2.274, 0 failed
progress: 685.0 s, 134.2 tps, lat 7.451 ms stddev 0.794, 0 failed
progress: 690.0 s, 130.6 tps, lat 7.647 ms stddev 1.294, 0 failed
progress: 695.0 s, 137.4 tps, lat 7.286 ms stddev 0.868, 0 failed
progress: 700.0 s, 133.6 tps, lat 7.486 ms stddev 2.936, 0 failed
progress: 705.0 s, 143.2 tps, lat 6.976 ms stddev 1.111, 0 failed
progress: 710.0 s, 124.4 tps, lat 8.025 ms stddev 1.806, 0 failed
progress: 715.0 s, 134.8 tps, lat 7.425 ms stddev 1.554, 0 failed
progress: 720.0 s, 138.0 tps, lat 7.242 ms stddev 1.277, 0 failed
progress: 725.0 s, 137.0 tps, lat 7.300 ms stddev 0.942, 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 = 7.295 ms

latency stddev = 1.463 ms

initial connection time = 3.939 ms

tps = 137.042496 (without initial connection time)

BuzHO, 4TO BO3paCT He3aMOPO>KeHHBIX TpaH3aKI[HW IIpeBhIIIaeT yCTaHOBJIEHHOE IIOPOroBoe 3HaueHHe (100000):

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

datname | datfrozenxid | age

............. g R
postgres | 749 | 160013
student | 749 | 100013
templatel | 749 | 160013
template0 | 722 | 100040
mvcc freeze | 749 | 160013
(5 rows)

Teneph IIpU BHIIIOJTHEHUU KoMaHAsl VACUUM 15t 150604 TabIUIb! 6yZeT 3amylileH IIporecc aBTOOUUCTKH.
=> VACUUM t;

VACUUM

Cpefiu IIpOLIecCcOB MOSBHJICA autovacuum worker:

student$ sudo head -n 1 /var/lib/postgresql/16/main/postmaster.pid

49148

student$ ps -o pid,command --ppid 49148

PID COMMAND
49149 postgres: 16/main: checkpointer
49150 postgres: 16/main: background writer
49152 postgres: 16/main: walwriter
49153 postgres: 16/main: logical replication launcher
49198 postgres: 16/main: student mvcc freeze [locall]l idle
50157 postgres: 16/main: autovacuum worker template0

U yepe3 HEKOTOPOE BpeMsI TPAH3aKI[UH 0KaXKyTCs 3aMOPOKEHHBIMU:

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



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

(5 rows)



