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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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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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[lepenosiHeHNEe cUeTUYMKa 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
60sbwoe yuncno (okono 4 MnpAa), Ho NPy akTUBHON paboTe cepsepa OHO
BMOJ/IHE MOXET ObITb McuepnaHo. Hanpumep npu Harpyske 1000 TpaH3akunia
B CEKYHAY 3TO NPOM30IAET BCEro Yepes nosaropa Mecsua HernpepbIBHOM
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 BeEpPCUil CTPOK Pos{gres

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/13/routine-vacuuming#VACUUM-FO
R-WRAPAROUND




3amMopo3Ka BeEpPCUil CTPOK Pos{gres

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

Xmax aborted

craryc Xmin - xmax AaHHble

42 ,FOO

(0,2) normal » 100 0

npu3Hak
3aMOpO3kn

—
—

[Na Toro YTo6LI NOMETUTL BEPCUIO CTPOKM Kak 3aMOPOXEHHY0, AN
TpaH3akuMmn Xmin BbICTaB/ATCA OAHOBPEMEHHO 06a 6uTa-noackaskm —
ouT hukcaymm n BUT OTMEHbI.

3amMeTuM, YTO TPAH3aKLUMI0 XMax 3aMopaxknBaTh He HYyXHO. Ee Hannune
O3HavaeT, UTo AaHHas BEpPCUs CTPOKM GosiblLe He akTyasnbHa. Mocne 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.

BaxkHO, 4TOObLI BEpCUN CTPOK 3aMOpPaXXnBasiMCb BOBpPeMS. ECNn BO3HUKHET
cuUTyauus, Npy KOTOPOW eLle He 3aMOPOXEHHbI HOMepP TpaH3akuum puckyeT
nonacTb B 6yayulee, PostgreSQL aBapuiniHO OCTAHOBUTCS. DTO BO3MOXHO

B ABYX Cnyyasx: iMbo TpaH3akLums He 3aBeplueHa 1, criefoBaTe/ibHo, He
MOXET ObITb 3aMOpOXeHa, Mbo He cpaboTasia ouncTKa.

Mpu 3anycke cepBepa TpaH3akLus 6yeT aBTOMaTUYeCKN OTMEHEHA;

flanblie agMUHUCTPATOP [0/HKEH BPYUHYIO BbINO/THUTL OYUCTKY, U Nocne
3TOr0 cUcTEMA CMOXET NPOAC/HKNTL 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

3aMop0o3Koi yNpaBnsioT TP OCHOBHbIX NapamMeTpa.

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.

MoaTtomy 6osee Mmonogple BEPCUN CTPOK 3aMOPaXMBAKOTCA TOSIbKO B TEX
c/lyyasx, Korga 310 TOYHO He fo6aBnsAeT paboTbl, Hanpumep, NPY NOIHOW
o4ncTKe Tabnuupl.

3amMeTum, YTO oYMUCTKa npocmMatpmBaeT TOJ/IbKO CTPaHWULbl, HE OTMEYEHHbIE
B KapTe BUANMOCTN. Ecnn Ha CTpaHnue OoCTa/INCb TOJIbKO aKTya/lbHblE
BEPCUN, TO OHNCTKa HE NMPUAOET B TaKyro CTpaHMLY U HE 3aMOPO3UT UX.
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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)

AJ1s1 YCKOPEHHA MCITO0/Ib3yeTCA KapTd 3daMOPO3KH

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>.

Kaxgaa tabnuua xpaHuTt Homep TpaH3akuumu (pg_class.relfrozenxid), ans
KOTOPOro M3BeCTHO, YTO B BEPCUAX CTPOK HE OCTas10Ch bosiee cTapbix
He3aMOpPOXXEHHbIX HOMEPOB TpaH3akKUuii. Bo3pacT aToi TpaH3akLumm 1
CpaBHMBAETCS CO 3HAa4YeHMeM napameTpa.

UT06bI HE NpocMarpuBaTb BCKO Tabnnuy LenkomM, BMECTe C KapToi
BUAUMOCTM BELETCH Kapma 3aMOpPO3KU. B Hell 0OTMeUeHbl CTpaHuupl,
B KOTOPbIX 3aMOPOXXEHbI BCE BEPCUN CTPOK. Takne cTtpaHuLbl MOXHO
nponyckaTb Npu 3aMOpPO3Ke.

[laxke B arpeccrBHOM pexnme BEPCUN CTPOK C TpaH3akunamMu miagLle
vacuum_freeze _min_age He 3aMOpaxnBatoTCs, MO3TOMY Nocsie 3aMOPO3Kn
HOBbI BO3pacT TpaH3akuuu relfrozenxid 6yaet paBeH He HYNHO,

a vacuum_freeze _min_age. Taknm o6pa3om, 3amMop0o3Ka BCEX CTPaHuL,
BbINONHAETCA pa3 B (vacuum_freeze table _age — vacuum_freeze _min_age)
TpaH3aKLNiA.

Mbl y)Xe TOBOPUN, UTO C/IMLLIKOM MasieHbKoe 3HaYeHne napamerpa
vacuum_freeze_min_age yBenuunBaeT HakNafHble pacxo/ibl Ha OUYNCTKY.
Ho npu 60NbLUMX 3HAYEHUSIX arPeccuBHasi 3aMOpo3Ka 6Y/1eT BbINO/THATLCS
C/IMLLIKOM 4acTo, YTO TOXe NM0X0. YCTaHOBKA 3TOro napamMmeTtpa TpebyeT
KOMMpoMucca.
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HaCTpOVI Ka Pos{gres

vacuum_freeze_min_age

autovacuum_freeze_max_age

TIpU JOCTH)KEHHH TaKOro Bo3pacra
3aMOpO3Ka 3aIyCKaeTcsi IPUHYIUTE/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

KoHdurypalmoHHbIe mapaMeTphl

vacuum_freeze_min_age = 50000 000
vacuum_freeze_table_age =150 000 000 }
() autovacuum_freeze_max_age =200 000 000

[TapaMeTpbl XpaHeHUsI TaOJIHL]

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

11

3HayeHnAa No yMosl4aHnio 40BOILHO KOHCepBaTuBHLI. Npeaen ana
autovacuum_freeze_max_age coctaBnseT nopsaka 2 Mnpg TpaH3akuuin,

a ncnosnb3yetca 3HavyeHue, B 10 pa3 MmeHbLlee. MOXHO YBEIMUUTL 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 He CrpaBUTCA BOBPEMSA C 3aMOPO3KOi4, Y agMuHuUcTparopa
OCTaHeTCsa MaJ10 BpeMeHU A/ NPUHATUA Mep.

O6paTnTe BHUMaHUE, YTO U3MEHeHMe napaMerpa
autovacuum_freeze_max_age TpebyeT nepesanycka cepsepa.

MapameTpbl TaKkke MOXHO YCTaHaBNMBaTb HA YPOBHE OTAE/bHbIX Tabnuy,
C MOMOLLbI NapaMeTPOB XPaHEHUs. DTO UMEET CMbIC/ AenaTb TOMbKO
B OCOGEHHbIX Crlyvasx, korga tabnuua AencTBuTeNIbHO TpebyeT 0coboro
obxoxaeHnsi. ObpaTtutTe BHMMaHWe, YTO MMeHa NapaMeTpPOB Ha YPOBHE
Tab/11L, HEMHOIO OT/INYAKTCA OT UMEH KOH(PUIypaLMOHHbIX NapamMeTpoB.

B Moayne «BnoKMpOBKM» paccMaTpuBaloTCs T. H. My/IbTUTPAH3aKLUN 1
[I0NO/THUTE/bHbIE NAapaMeTPbl HACTPOMKM 3aMOPO3KN ANS HUX.



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

Cpa3sy nocie o4ucTKY 00e CTpaHUILI OTMEeYeHH B KapTe Bugumocti (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 | 588 | 1|t | | 0
(0,2) | normal | 588 | 1|t | | 0
(1,1) | normal | 588 | 1]t | | 0
(1,2) | normal | 588 | 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 | 588 | 2|t | | 589
(0,2) | normal | 588 | 2|t | | 0
(0,3) | normal | 589 | 1] | | 0
(1,1) | normal | 588 | 2|t | | 0
(1,2) | normal | 588 | 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 U II09TOMY He OBljla 3aMOpOXKeHa:

=> SELECT * FROM t_v;



------- L et e S s S
(0,1) | redirect to 3 | | | | |
(0,2) | normal | 588 | 2|t | t | 0
(0,3) | normal | 589 | 1]t | | 0
(1,1) | normal | 588 | 2]t | | 0
(1,2) | normal | 588 | 2|t | | 0
(5 rows)

Ter{epb obe CTPaHUILIBI OTMEYEHEI B KapTe BUOUMOCTH (Bce BEepCHHU CTPOK Ha HUX aKTyaJ’[bHI)I). OuyucTKa Tenepb He 6y):[eT
06pa§aTLIBaTL HHU OOHY U3 3THUX CTPAaHHUIL], U HE3aMOPOXKEeHHbIE BEPCHUU CTPOK TaK U OCTAaHYTCA HE3aMOPOXKEHHBIMU.

=> 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 O71s1 TAKOTO ciiy4das u Tpebyercst mapameTp vacuum freeze table age, ompepnensioninii, B KaKO MOMEHT HYKHO
TIPOCMOTPETH CTPAHHUIILL, OTMEUYEeHHEe B KapTe BUAUMOCTH, €CJIM OHU He OTMeYeHBl B KapTe 3aMOPO3KH.

s Kaxmou Ta6J'[I/H_IBI COXpaHdaeTCsa HauOOIIBIITHH HOMED TPaH3aKIIWU, OJIsd KOTOPOTI'O0 BCE€ BEPCHUU CTPOK C MEHBIIIUMHU
HOMEpaMu xXmin TapaHTHUPOBAHHO 3aMODOXKEHEI. Ee BO3pacCT ¥ CPAaBHUBAETCA CO 3HAYEHHUEM IIapaMeTpa.

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

relfrozenxid | age

CBIMUTHPYEM BHIIIOJIHEHHE ellle OMHOM TpaH3aKUKUK, 4ToOsl Bo3pacT relfrozenxid Tabiuiiel OCTUT 3HAYEHUS IIapamMeTpa
vacuum freeze table age.

=> SELECT txid_current();

txid_current

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

relfrozenxid | age

______________ +-----
588 | 3

(1 row)

=> VACUUM t;

VACUUM

Teneps, OCKOJIBKY TapaHTIPOBAHHO OblIa IPOBepeHa BCs TabiuIla, HoMep 3aMOpPOXKEeHHON TPaH3aKIUM MOXKHO YBEJIMYUTH
— MBI YBEPEHE], YTO B CTPAHHUIIAX HE OCTAJIOCH G0Jiee CTapoi HE3aMOPOXKEHHOHN TPaH3aKINH.

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

relfrozenxid | age

BoTt uTO IIOJIy4YHUJIOCHh B CTPaHUIIAX:

=> SELECT * FROM t_v;

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

(0,2) | normal | 588 | 3|t | t | 0
(0,3) | normal | 589 | 2|t | t | 0
(1,1) | normal | 588 | 3]t | t | 0
(1,2) | normal | 588 | 3|t | t | 0

)

(5 rows



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

(2 rows)

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

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

datname | datfrozenxid | age
_____________ U
postgres | 478 | 113
student | 478 | 113
templatel | 478 | 113
template0 | 478 | 113
mvcc_freeze | 478 | 113
(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.



3amMopo3Ka BPYUHYI0 Po@SF“éE

VACUUM FREEZE

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

COPY ... WITH FREEZE

TIPUHYIUTE/TbHAsT 3aMOPO3Ka Cpa3y TOoCJIe 3arpy3Ku
TabsmuIia Jo/pKHA OBITH CO3/laHa WJIK OITyCTOLlIeHa B TOU ke TPaH3aKI[|UU
MOTYT HapyIIUThCS MPaBU/Ia U30/SILUU TPAH3AKIUU
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NHorga 6biBaeT yao6HO ynpaB/isTh 3aMOPO3KO BPYUHYHO, a HE A0XNAATbLCS
aBTOOUUCTKM.

3amMOop0o3Ky MOXHO Bbl3BaTb Bpy4YHyto komaHgo VACUUM FREEZE —

npv aTOM ByAYyT 3aMOPOXEHbI BCE BEPCUN CTPOK, 6e3 OrnaakM Ha Bo3pacT
TpaH3akuuin (kak byato napameTtp autovacuum_freeze_min_age = 0).

Mpu nepectporike Tabnuubl komaHgamm VACUUM FULL wnn CLUSTER Bce
CTPOKM TaKxe 3aMOopaxunBaroTcs.

https://postgrespro.ru/docs/postgresal/13/sgl-vacuum

[aHHble MOXHO 3aMOpPO3UTb 1 NPU HaYasIbHOW 3arpy3ke ¢ NOMOLLbHO
komaHabl COPY, ykazaB napametp FREEZE. [ns atoro Tabnunua goskHa
ObITb co3gaHa (nnu onyctoweHa komaHgo TRUNCATE) B Toi xe
TpaH3akumn, 4to n COPY. MNMOCKO/bKY A/151 3aMOPOXEHHbIX CTPOK AEACTBYHOT
oTAeNbHble Npasuia BUANMOCTU, Takne CTPOKN ByayT BUAHbI B CHUMKax
[AAaHHbIX APYrvMX TpaH3akuuii B HapyLleHne 00bIYHbIX NpaBu/ n3onauum (3To
KacaeTcs TpaH3akuuin ¢ ypoBHeM Repeatable Read wnn Serializable), Ho
06bIYHO 3TO He npeacTaB/isieT Npobnemsl. NogpobHee Takoi cnyyai
paccMmaTpuBaeTCH B NPakTuKe.

https://postgrespro.ru/docs/postgresqgl/13/sql-copy




o)) PROFESSIONAL

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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o)) PROFESSIONAL

[1pakTnKa Pos{gres

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

2. Ybeautech, UTO Aa)ke Ha YpPOBHe M30/s1[UH Repeatable Read
CTPOKH, 3arpy>keHHble KoMaHiok COPY ... WITH FREEZE,
OKa3bIBalOTCS BU/HbI B CHUMKE [JaHHbIX.

3. YMeHbIIMB 3HaueHue rapaMmeTpa autovacuum_freeze_max_age
Y OTK/IFOUMB aBTOOUYMCTKY, BOCIIPOM3Be/IUTE CUTYALUIO
TIPUHYAUTE/ILHOTO cpabaThbIBaHUsI aBTOOUUCTKU, BHITIOTHUB
COOTBETCTBYHOLL[ee KOJTMYECTBO TPAH3aKLIUM.

Yurure, uto cpabaTbiBaHUe TIPOM30HET He Cpa3sy, a Ipu
BBITIO/THEHUY PYYHOM OUMCTKU KaKoW-HUOYIb TaO/IULIbI
(w1m npu NMepe3arycke 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 BapmaHT — UCnosb3oBaTth A/ opraHmM3aunn umkna PL/pgSQL.
[MOCKOIbKY BHYTPW CEPBEPHOro KoAa ABHO YyNpaB/iaTh TpaH3aKUnamu
Henb3s, NPUAETCS UCNOoNb30BaTb 610K C 06paboTKON UCKNOYEHNA. Toraa
Npu nepexsarte NUCK/IIYEHNS TpaH3akuma OyaeT oTKaTbiBaTbCA K HESABHOW
TOYKe COXpaHeHUs: pakTU4YeCKM Ha4YHETCA HOBas B/1IOXEHHAasA TpaH3aKLums
(cM. Temy «CTpaHuLbl U BEPCUM CTPOK»).

TpeTunii BapmaHT — Ucnonb3oBaTb yTuAnTy pgbench:
https://postgrespro.ru/docs/postgresgl/13/pgbench




1. 3amopo3ka npu COPY WITH FREEZE

Co3pmaeM Tabnuiy U 3arpyzkaeM HeCKOJIbKO CTPOK B ONHOM U TOH 2Ke TPaH3aKIUH:
=> 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

TIpoBepsieM BepCUU 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 e e S R s T P T
(0,1) | normal | 28867 | 3]t | t | 0] (0,1)
(0,2) | normal | 28867 | 3]t | t | 0] (0,2)
(0,3) | normal | 28867 | 3]t | t | 0] (0,3)
(3 rows)

2. COPY WITH FREEZE u u30/jasamusi

B mpyrom ceaHce HaYyHEM TPaH3aKIIWIO C ypoBHeM u3ossiuu Repeatable Read.

| => \c mvcc_freeze

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

| BEGIN

| => SELECT txid_current();



txid_current

OOpaTuTe BHUMaHKe, YTO 3TA TPAH3aKIMs He NOJIXKHA o0palnaThcsi K Tabnuue t.

Teneps omycTomUM TaGIUIy ¥ 3aTPy3UM B Hee HOBHIE CTPOKH B OGHOM TpaH3akiuu. Eciu Obl MapasulenbHas TPaH3aKUUs IPOYUTAIa
copepzxumoe t, komanna TRUNCATE oxupnasa Obl ee 3aBepIIEHUs.

=> BEGIN;

BEGIN

=> TRUNCATE t;

TRUNCATE TABLE

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

=> 20

=> 30

= \.

COPY 3

=> COMMIT;

COMMIT

Tenepb IIapajiiesibHas TPaH3aKIUs BUOAUT HOBBIE HAHHBIE, XOTS 3TO U HapyllaeT U30JISIUIO:
| => SELECT * FROM t;

n

10
20
30
(3 rows)

| => comMmIT;
| commIT

| =>\g
3. ABapuitHOe cpafaTbIBaHHE aBTOOYHUCTKH

TIpenBapuUTeIPHO 3aMOPO3UM BCE TPaH3aKIMU BO BCcex Oa3ax. [jist 3TOro ymoOHO BOCIIOIL30BaThCS KOMaHaou vacuumdb:
student$ vacuumdb --all --freeze

vacuumdb: vacuuming database "mvcc_freeze"
vacuumdb: vacuuming database "postgres"
vacuumdb: vacuuming database "student"
vacuumdb: vacuuming database "templatel"

MakcuManbHBIM BO3pacT He3aMOPOKEHHBIX TpaH3aKUui 1o sceM BII:

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

datname | datfrozenxid | age

............. e
postgres | 28872 | 0
student | 28872 | 0
templatel | 28872 | 0
template® | 478 | 28394
mvcc freeze | 28872 | 0
(5 rows)

OTK/II09aeM aBTOOYUCTKY.

=> ALTER SYSTEM SET autovacuum = off;

ALTER SYSTEM

YMeHbIlaeM 3Ha4eHUs IapaMeTpoB:

=> ALTER SYSTEM SET vacuum_freeze_min_age = 1000;
ALTER SYSTEM

=> ALTER SYSTEM SET vacuum_freeze_table_age = 10000;

ALTER SYSTEM



=> ALTER SYSTEM SET autovacuum_freeze_max_age = 100000;
ALTER SYSTEM

TpebyeTcs nepe3arpyska cepsepa.

student$ sudo pg_ctlcluster 13 main restart

student$ psql mvcc_freeze

TTony4uTh 60IBIIOE KOJIMYECTBO TPAH3aKIMI MOKHO Pa3HBIMU CI0cO6aMy; HallpUMepP, MOKHO BOCIIOJIB30BaThCS YTUIUTOM pgbench.
TTompocuM ee HHULMATIMU3UPOBATH CBOU TAGIULEI ¥ BEIIONHUATH 100000 TpaH3aKIuit

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 0.54 s (drop tables 0.00 s, create tables 0.03 s, client-side generate 0.23 s, vacuum 0.12 s, primary keys 0.17 s).

student$ pgbench -t 100000 -P 5 mvcc_freeze

starting vacuum...end.
progress: 5.0 s, 121.4 tps, lat 8.206 ms stddev 4.053

progress: 10.0 s, 146.8 tps, lat 6.809 ms stddev 1.478
progress: 15.0 s, 120.6 tps, lat 8.282 ms stddev 2.121
progress: 20.0 s, 118.4 tps, lat 8.450 ms stddev 2.342
progress: 25.0 s, 139.8 tps, lat 7.150 ms stddev 1.355
progress: 30.0 s, 144.4 tps, lat 6.931 ms stddev 1.380
progress: 35.0 s, 136.4 tps, lat 7.324 ms stddev 1.355
progress: 40.0 s, 141.2 tps, lat 7.082 ms stddev 1.432
progress: 45.0 s, 131.8 tps, lat 7.581 ms stddev 2.481
progress: 50.0 s, 126.4 tps, lat 7.916 ms stddev 1.307
progress: 55.0 s, 133.2 tps, lat 7.508 ms stddev 1.154
progress: 60.0 s, 135.6 tps, lat 7.372 ms stddev 1.415
progress: 65.0 s, 127.6 tps, lat 7.828 ms stddev 1.092
progress: 70.0 s, 124.8 tps, lat 8.022 ms stddev 1.334
progress: 75.0 s, 125.4 tps, lat 7.960 ms stddev 1.011
progress: 80.0 s, 121.2 tps, lat 8.250 ms stddev 2.624
progress: 85.0 s, 124.5 tps, lat 8.029 ms stddev 1.463
progress: 90.0 s, 138.9 tps, lat 7.201 ms stddev 1.371
progress: 95.0 s, 136.8 tps, lat 7.312 ms stddev 1.213

progress: 100.

0 s, 117.2 tps, lat 8.533 ms stddev 2.053
progress: 105.0 s, 129.3 tps, lat 7.738 ms stddev 1.130
progress: 110.0 s, 130.0 tps, lat 7.689 ms stddev 1.096
progress: 115.0 s, 128.8 tps, lat 7.765 ms stddev 1.274
progress: 120.0 s, 135.6 tps, lat 7.371 ms stddev 1.289
progress: 125.0 s, 146.8 tps, lat 6.815 ms stddev 1.387
progress: 130.0 s, 136.0 tps, lat 7.346 ms stddev 1.503
progress: 135.0 s, 134.6 tps, lat 7.427 ms stddev 2.097
progress: 140.0 s, 134.0 tps, lat 7.463 ms stddev 1.110
progress: 145.0 s, 130.0 tps, lat 7.687 ms stddev 1.221
progress: 150.0 s, 128.6 tps, lat 7.774 ms stddev 1.126
progress: 155.0 s, 140.6 tps, lat 7.115 ms stddev 1.467
progress: 160.0 s, 137.6 tps, lat 7.260 ms stddev 1.380
progress: 165.0 s, 127.8 tps, lat 7.824 ms stddev 1.544
progress: 170.0 s, 134.2 tps, lat 7.454 ms stddev 1.354
progress: 175.0 s, 143.0 tps, lat 6.992 ms stddev 1.426
progress: 180.0 s, 134.2 tps, lat 7.447 ms stddev 1.471
progress: 185.0 s, 134.2 tps, lat 7.456 ms stddev 1.387
progress: 190.0 s, 127.6 tps, lat 7.831 ms stddev 1.362
progress: 195.0 s, 123.8 tps, lat 8.073 ms stddev 1.034
progress: 200.0 s, 124.2 tps, lat 8.052 ms stddev 1.117
progress: 205.0 s, 123.0 tps, lat 8.132 ms stddev 0.910
progress: 210.0 s, 132.8 tps, lat 7.525 ms stddev 1.257
progress: 215.0 s, 132.8 tps, lat 7.535 ms stddev 1.240
progress: 220.0 s, 127.4 tps, lat 7.845 ms stddev 1.096
progress: 225.0 s, 130.6 tps, lat 7.654 ms stddev 1.323
progress: 230.0 s, 148.2 tps, lat 6.748 ms stddev 1.501
progress: 235.0 s, 129.4 tps, lat 7.724 ms stddev 1.471
progress: 240.0 s, 130.6 tps, lat 7.661 ms stddev 1.187
progress: 245.0 s, 134.4 tps, lat 7.440 ms stddev 1.378
progress: 250.0 s, 137.2 tps, lat 7.285 ms stddev 1.365
progress: 255.0 s, 130.2 tps, lat 7.679 ms stddev 1.269
progress: 260.0 s, 120.4 tps, lat 8.297 ms stddev 0.928
progress: 265.0 s, 128.0 tps, lat 7.814 ms stddev 1.093
progress: 270.0 s, 123.0 tps, lat 8.132 ms stddev 1.227
progress: 275.0 s, 125.6 tps, lat 7.952 ms stddev 1.007
progress: 280.0 s, 122.8 tps, lat 8.140 ms stddev 1.027
progress: 285.0 s, 124.0 tps, lat 8.071 ms stddev 1.078
progress: 290.0 s, 133.6 tps, lat 7.485 ms stddev 1.469
progress: 295.0 s, 139.4 tps, lat 7.169 ms stddev 1.545



progress: 300.0 s, 139.4 tps, lat 7.173 ms stddev 1.561
progress: 305.0 s, 122.6 tps, lat 8.152 ms stddev 2.363
progress: 310.0 s, 133.4 tps, lat 7.499 ms stddev 1.487
progress: 315.0 s, 122.0 tps, lat 8.188 ms stddev 1.244
progress: 320.0 s, 133.8 tps, lat 7.481 ms stddev 1.567
progress: 325.0 s, 134.4 tps, lat 7.433 ms stddev 1.486
progress: 330.0 s, 135.4 tps, lat 7.385 ms stddev 1.322
progress: 335.0 s, 133.8 tps, lat 7.478 ms stddev 1.413
progress: 340.0 s, 125.2 tps, lat 7.984 ms stddev 1.338
progress: 345.0 s, 127.6 tps, lat 7.838 ms stddev 1.092
progress: 350.0 s, 122.2 tps, lat 8.183 ms stddev 1.000
progress: 355.0 s, 130.4 tps, lat 7.658 ms stddev 1.329
progress: 360.0 s, 134.5 tps, lat 7.441 ms stddev 1.331
progress: 365.0 s, 141.3 tps, lat 7.074 ms stddev 1.300
progress: 370.0 s, 134.2 tps, lat 7.444 ms stddev 1.438
progress: 375.0 s, 126.2 tps, lat 7.922 ms stddev 2.246
progress: 380.0 s, 135.0 tps, lat 7.404 ms stddev 1.182
progress: 385.0 s, 126.4 tps, lat 7.919 ms stddev 1.061
progress: 390.0 s, 125.7 tps, lat 7.940 ms stddev 1.053
progress: 395.0 s, 128.1 tps, lat 7.818 ms stddev 1.353
progress: 400.0 s, 122.2 tps, lat 8.178 ms stddev 0.827
progress: 405.0 s, 128.4 tps, lat 7.792 ms stddev 1.468
progress: 410.0 s, 125.8 tps, lat 7.945 ms stddev 1.248
progress: 415.0 s, 128.6 tps, lat 7.772 ms stddev 1.162
progress: 420.0 s, 128.2 tps, lat 7.795 ms stddev 1.109
progress: 425.0 s, 126.6 tps, lat 7.894 ms stddev 1.046
progress: 430.0 s, 125.2 tps, lat 7.998 ms stddev 1.208
progress: 435.0 s, 126.4 tps, lat 7.907 ms stddev 1.125
progress: 440.0 s, 128.0 tps, lat 7.804 ms stddev 1.186
progress: 445.0 s, 129.8 tps, lat 7.709 ms stddev 2.178
progress: 450.0 s, 116.4 tps, lat 8.584 ms stddev 2.764
progress: 455.0 s, 124.0 tps, lat 8.060 ms stddev 1.016
progress: 460.0 s, 134.2 tps, lat 7.459 ms stddev 1.211
progress: 465.0 s, 134.2 tps, lat 7.450 ms stddev 1.284
progress: 470.0 s, 126.2 tps, lat 7.919 ms stddev 1.082
progress: 475.0 s, 139.2 tps, lat 7.183 ms stddev 1.582
progress: 480.0 s, 135.8 tps, lat 7.363 ms stddev 1.422
progress: 485.0 s, 131.8 tps, lat 7.587 ms stddev 1.211
progress: 490.0 s, 140.0 tps, lat 7.140 ms stddev 1.433
progress: 495.0 s, 130.2 tps, lat 7.680 ms stddev 1.135
progress: 500.0 s, 128.4 tps, lat 7.775 ms stddev 1.070
progress: 505.0 s, 127.6 tps, lat 7.842 ms stddev 1.308
progress: 510.0 s, 124.0 tps, lat 8.069 ms stddev 0.990
progress: 515.0 s, 126.6 tps, lat 7.888 ms stddev 1.294
progress: 520.0 s, 124.2 tps, lat 8.051 ms stddev 1.266
progress: 525.0 s, 132.6 tps, lat 7.548 ms stddev 1.166
progress: 530.0 s, 129.0 tps, lat 7.748 ms stddev 1.181
progress: 535.0 s, 140.2 tps, lat 7.125 ms stddev 1.280
progress: 540.0 s, 136.8 tps, lat 7.309 ms stddev 1.181
progress: 545.0 s, 124.4 tps, lat 8.040 ms stddev 1.218
progress: 550.0 s, 131.4 tps, lat 7.607 ms stddev 2.020
progress: 555.0 s, 136.6 tps, lat 7.325 ms stddev 1.403
progress: 560.0 s, 137.8 tps, lat 7.249 ms stddev 1.316
progress: 565.0 s, 137.6 tps, lat 7.264 ms stddev 1.255
progress: 570.0 s, 127.8 tps, lat 7.831 ms stddev 1.058
progress: 575.0 s, 177.0 tps, lat 5.644 ms stddev 1.304
progress: 580.0 s, 129.2 tps, lat 7.744 ms stddev 1.475
progress: 585.0 s, 126.6 tps, lat 7.901 ms stddev 1.206
progress: 590.0 s, 122.2 tps, lat 8.170 ms stddev 1.495
progress: 595.0 s, 133.0 tps, lat 7.518 ms stddev 3.875
progress: 600.0 s, 102.4 tps, lat 9.748 ms stddev 17.096
progress: 605.0 s, 113.4 tps, lat 8.838 ms stddev 5.928
progress: 610.0 s, 123.2 tps, lat 8.112 ms stddev 1.213
progress: 615.0 s, 121.4 tps, lat 8.243 ms stddev 1.107
progress: 620.0 s, 123.8 tps, lat 8.075 ms stddev 1.442
progress: 625.0 s, 122.6 tps, lat 8.146 ms stddev 1.169
progress: 630.0 s, 112.0 tps, lat 8.933 ms stddev 2.054
progress: 635.0 s, 122.8 tps, lat 8.143 ms stddev 1.013
progress: 640.0 s, 120.4 tps, lat 8.305 ms stddev 1.084
progress: 645.0 s, 121.8 tps, lat 8.204 ms stddev 1.048
progress: 650.0 s, 121.0 tps, lat 8.270 ms stddev 1.184
progress: 655.0 s, 124.0 tps, lat 8.058 ms stddev 1.031
progress: 660.0 s, 113.4 tps, lat 8.820 ms stddev 2.394
progress: 665.0 s, 123.2 tps, lat 8.112 ms stddev 1.150
progress: 670.0 s, 124.1 tps, lat 8.058 ms stddev 1.320
progress: 675.0 s, 120.8 tps, lat 8.275 ms stddev 0.937
progress: 680.0 s, 120.4 tps, lat 8.311 ms stddev 1.005
progress: 685.0 s, 123.2 tps, lat 8.118 ms stddev 1.019
progress: 690.0 s, 119.8 tps, lat 8.346 ms stddev 0.930
progress: 695.0 s, 120.0 tps, lat 8.326 ms stddev 1.206
progress: 700.0 s, 113.8 tps, lat 8.793 ms stddev 1.613
progress: 705.0 s, 119.4 tps, lat 8.363 ms stddev 0.997
progress: 710.0 s, 124.0 tps, lat 8.065 ms stddev 1.037
progress: 715.0 s, 121.6 tps, lat 8.224 ms stddev 1.034
progress: 720.0 s, 120.6 tps, lat 8.286 ms stddev 0.937
progress: 725.0 s, 122.2 tps, lat 8.186 ms stddev 1.043
progress: 730.0 s, 122.6 tps, lat 8.156 ms stddev 1.167



progress: 735.0 s, 114.6 tps, lat 8.727 ms stddev 2.341
progress: 740.0 s, 123.2 tps, lat 8.109 ms stddev 0.918
progress: 745.0 s, 120.4 tps, lat 8.311 ms stddev 1.005
progress: 750.0 s, 118.6 tps, lat 8.419 ms stddev 1.536
progress: 755.0 s, 122.0 tps, lat 8.196 ms stddev 1.135
progress: 760.0 s, 122.1 tps, lat 8.181 ms stddev 1.012
progress: 765.0 s, 122.1 tps, lat 8.193 ms stddev 1.081
progress: 770.0 s, 121.8 tps, lat 8.216 ms stddev 0.999
progress: 775.0 s, 118.0 tps, lat 8.476 ms stddev 1.075
transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

number of transactions per client: 100000

number of transactions actually processed: 100000/100000
latency average = 7.783 ms

latency stddev = 1.997 ms

tps = 128.449752 (including connections establishing)
tps = 128.452480 (excluding connections establishing)

BupHO, 9YTO BO3pacT HE3aMOPOXKEHHEBIX TPAH3aKI[MH IIPEBLIIIaeT YCTaHOBJIEHHOE TOporoBoe 3Havenue (100000):

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

datname | datfrozenxid | age

............. B L T T g
postgres | 28872 | 100012
student | 28872 | 100012
templatel | 28872 | 100012
template0 | 478 | 128406
mvcc freeze | 28872 | 100012
(5 rows)

Teneps npu BenoiHeHUH KoMaHasl VACUUM pgnst mo60oi TaGauilel 6ymeT 3amylleH IPoLlecC aBTOOYUCTKH.
=> VACUUM t;

VACUUM

Cpepnu IpoleccoB IosIBUICSA autovacuum worker:

postgres$ ps -o pid,command --ppid “head -n 1 /var/lib/postgresql/13/main/postmaster.pid’

PID COMMAND
40073 postgres: 13/main: checkpointer
40074 postgres: 13/main: background writer
40075 postgres: 13/main: walwriter
40076 postgres: 13/main: stats collector
40077 postgres: 13/main: logical replication launcher
40115 postgres: 13/main: student mvcc freeze [local] idle
40767 postgres: 13/main: autovacuum worker template0®

n gepe3 HEKOTOpOoe BpeMs TPaH3aKIUU OKaXyTCA 3aMOPO2KEHHBIMU

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

datname | datfrozenxid | age
............. i Sy
postgres | 127884 | 1000
student | 127884 | 1000
templatel | 128884 | 0
template0 | 128884 | 0
mvcc freeze | 127884 | 1000

(5 rows)



