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OTKa3 OT OTBETCTBEHHOCTU
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N06bIE NOBPeXAeHUs 1 YObITKKU, BK/I0Yas NoTepro A4oXo4a, HAHECEHHbIe
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MaTtepuasnioB kKypca. KomnaHus Postgres Professional He npegocTtaBnser
Kakux-nmbo rapaHTuii Ha martepuasibl Kypca. MaTtepuasbl Kypca
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Professional He 06a3aHa NpeaoCcTaBNATb COMPOBOXAEHME, MOALEPXKKY,
0BHOB/IEHNA, pacLUMPEHNSA N U3MEHEHNS.
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YCTPOUCTBO U UCTIO/Ib30BaHUE

donHoBag 3amnuch
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ByhepHbIn KelL Posigres

xew-tabnuua

shared_buffers
N

-

[ Kewl OI'Iean'I/IOHHOI\/JI CUCTEMBI ]

w = w 4

3agava 6ydhepHOro kKela — Criaxunsarb pasHuly B NPOU3BOANTENTbHOCTY
ABYX TUMNOB NamATU: onepaTuBHOM (GbICTPas, HO Masio) U ANCKOBOM
(MepnsieHHas, HoO MHOro). YTtobbl paboTtaTb C AaHHbIMU — YuTaTb WU
N3MEHSATb, — MPOLLECChI YATAIOT CTPaHWLbl B ByddepHbIil KeLl 1, noka
CTpaHuLa HaxoamuTcs B Kelle, Mbl 3KOHOMUM Ha obpaLLeHnsIX K OUCKY.

ByhepHbIil kel pacnonaraetcs B 00LWeil naMsaTK cepBepa 1 npeacrasnser
co6oil maccus 6ydrepoB (ero pasmep 3agaeTcsa KOHPUrypaunoHHbIM
napameTpoMm shared_buffers). Kaxablii 6ychep cocTouT U3 mecTa nof ogHy
CTpaHuLy AaHHbIX 1 3arofioBka. 3aro/ioBOK COAEPXUT pacnosioxeHue
CTpaHuubl Ha ancke (dpara n HoMep CTpaHuLbl) 1 APYTy0 NHopMaLuuio.

UTOObI HY)XHYIO CTPaHULYy MOXHO ObI/10 GLICTPO HaTK B Kelle,
ncnonb3yetcs xeww-tabnvua. Koyom xelwmpoBaHnsa B HE CNYXUT hainn un
HOMep CTpaHuLbl BHYTpU thanna. Ytobbl HalnTK cTpaHuLy, Ha40 NPOBEPUTL
BCe 6ydhepsbl, yKadaHHbIe B COOTBETCTBYHLLEN KOP3NHE XeLl-Tabnuubl: 1M60o
CTpaHuuya Hangetcs, MMbo Mbl yoeanMcH B TOM, YTO ee HEeT B Kelle.

B nocnegHem cnyyae ctpaHuly NnpuaeTcs npounTatb B 6ydiepHbli kel

c Ancka. OgHako HanomMHMM, 4To PostgreSQL unTaeTt v 3anucbiBaeT AaHHble
He B 06X0/, Kella ornepaunuoHHOM CUCTEMbI, a Yepes Hero. ITo, 04EBUAHO,
NPUBOANT K AyONMPOBAHUIO AAHHbIX U BOMHOMY KELLMPOBaHMIO, HO TakoBa
Tekyllasa peanmsauns. Noatomy «npomax» MUMo BypepHOro kewa He
06s3are/ibHO 03HavaeT, YTo AaHHble 6yayT OU3NYECKU YnTaTbCA C AUCKa.



BydepHbIN Keln

=> CREATE DATABASE arch_wal;
CREATE DATABASE
=> \c arch_wal
You are now connected to database "arch wal" as user "student".
Co3pgapuM TabnuIry.
=> CREATE TABLE t(
id integer,
s char(100) DEFAULT "'
) WITH (autovacuum_enabled = off);
CREATE TABLE
=> INSERT INTO t(id) SELECT g.id FROM generate_series(1,1000) g(id);
INSERT 0 1000
B coctaB PostgreSQL BXomuT pacumpeHnue, KOTOPOe II03BOJISET IOCMOTPETH, YTO TPOUCXOAUT B GydepHOM Keltre.
=> CREATE EXTENSION pg_buffercache;
CREATE EXTENSION
Pa3Mep Kellla onpenessieTcss KOHGUTYPAIIMOEHEIM TapaMeTPOM:

=> SHOW shared_buffers;

shared buffers

PacmmpeHnue mokasnBaeT Kaxabli Oydep Kak OTOeIbHYI0 CTPOKY OOGHOMMEHHOI'0 IIPENCTaBIeHU:
=> SELECT count(*), pg_size_ pretty(count(*) * 8192) FROM pg_buffercache;

count | pg size pretty

16384 | 128 MB
(1 row)
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CTpaHuua B Kelle Pos{gres

xelw-Tabnumua

yueno
obpaLleHwii
+1

OBychep
3aKkpenneH

PaccMOTpUM criyyaid, Koraa HeobxoamMmasi CTpaHuua HaxoAuTCs B KelLle.

ByhepHbIin kel n xew-Tabnuua HaxoasaTcs B 00Leil naMaT, U AOCTYn
K HUM eCTb Y BCeX npoueccos cepsepa. [0aToMy 0AHOBPEMEHHbIMN,
KOHKYPEHTHbIM AOCTYN K 3TUM CTPYKTypam Heo6xoAMMOo yrnopsaaoumBarh.

BbluncnmBe Xell-KoA, npouecc 6/10KMPYyeT HEOOBX0AMMBbIA pparMeHT XelLl-
Tabnuubl B pasfensieMom pexmmMe (ToNbKO A/15 YTEHWS) C NOMOLLbIO Tak
Ha3blBAEMOI «/1ETKON BITOKMPOBKM», U YXKe 3aTeM HaxoauT Bydhep,
cofepXallnii Hy>XXHYH CTpaHuLy.

CepBep ynpasnseT 6/710KMpOBKaMn JaHHbIX B pas3fensiemMoin namaTtu
MO/IHOCTbIO aBTOMaTnyeckn. PaspaboTtumnkmn PostgreSQL npunaratoT MHOro
YCUNIA K TOMY, YTOObI 3TV G/10KMPOBKN paboTanin adhdrekTMBHO. Hanpumenp,
4yTOObI HEe 6/10KMPOBaTh BCHO XeLU-TabnuLy cpasy, OHa pasfeneHa Ha
HeckosbKo (128) dpparMeHTOB, KaXKabli N3 KOTOPbIX MOXET paboTaTb
He3aBMCKMMO OT ApYyrnx. Tem He MeHee Hago NoHMMaTb, YTO, XOTHA AOCTYI

K KeLy 6bIcTpee, YeM K ANCKY, OH BCe Xe He becnsiarteH.

[anblue npouecc «3akpennsaeT» dydep, yBenmuneasi CHeTUMK pin count

B 3arosioBke cTpaHuubl. Noka 6ydoep 3akpenseH (3HayeHne pin count
GoNbLLEe HYyNSA), cUMTaeTCd, YTo Bydoep UCMNO/b3yeTCs N ero COAEPXKMMOE He
[O/DKHO «pagnKasibHO» U3MEHUTLCSA. Hanpumep, B cTpaHuue MOXeT
NOSABUTLCA HOBAsA BEPCUSA CTPOKN — OObIYHO 3TO He MeLlaeT b6rarogaps
MHOIOBEPCMOHHOCTM 1 NpasuiamM BUAMMOCTU. Ho B 3aKkpensieHHbI bydep
He MOXEeT ObITb NpoYMTaHa gpyras cTpaHuua.

[Mpouecc Takke yBenmumBaeT CHETUMK 0bpaLleHnii K cTpaHuue (usage
count). CyeTumnk NCnosib3yeTcs A8 TOro, YTOObl NOHMMATbL, Kakue CTpaHuLbI
MCNOMb3YHTCA YacTo, a Kakme HeT.
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AI3MeHeHne B CTpaHumue Posigres

xelw-Tabnumua

rPA3HbINA
Bycbep

Ecnn npoueccy HeobxoAnMO U3MEHUTL COAEepPXMMOe CTpaHuLbl B Bydepe,
OH [0/KEH MOJTy4YUTb MOHOMOJbHYO 6/TOKMPOBKY AN 3TOW CTpaHULbI
(4TOObI HE MEHATb AaHHbIe B TOT MOMEHT, KOrga ux untaroT gpyrue
npoLecchl).

I3MeHeHHas cTpaHuua, He 3anucaHHas ele Ha AUCK, Ha3blBaeTCs
«rpsi3Ho». B 3aronoeke 6ychepa genaetcs otmeTka 06 atom. (Ha pucyHkax
rpsA3HbIE Oydoepbl BblAeeHbl LLBETOM W LUTPUXOBKOIA.)
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UTeHne c BbITECHEHUNEM Posigres

xelw-Tabnumua

cneaywowias

Xeprea 8

v Y
1 o] | o] | | | N

MOXHO
BbITECHUTb

elle paHo:
ncnonb3lyetcs
aKTUBHO

Henb3s
BbITECHUTL:
3akpenseH

W

Ecnun HYXXHOI CTpaHuLUbl HE HALL/IOCh B KELLEe, ee HeobXoAMMO NpoUnTaThb
C OuCKa, a Ansa 3Toro Hago ocBo60ANTb KaKon-To 13 6ydepoB, BbIMECHUB
HaxoAsILYyCAa TaMm Apyryto cTpaHuly. iges coctouT B TOM, YTOObI
BbITECHATb CTPaHWLbl, K KOTOPbIM 06paLlanncb peako, ¢ TEM, YTOObI
aKTMBHO UCMNOJIb3yeMble AaHHbIE KaK MOXHO A0/1blUe HaXOANUCh B KELLE.

MexaHn3M BbITECHEHUA UCMNOJb3YET yKasaTteslb Ha CMIefyOLLYI0 «<OKepPTBY».
JTOT yKasaresib npoberaet no Kpyry Bce bydepsb!, yMeHbLLaa Ha eanHULLY
NX CHETUMKN o6paLleHnin (usage count). BeibrnpaeTtcs nepsblii e bydep,
KOTOpPbI OAHOBPEMEHHO:

- MeeT 3HayYeHne cyeTynka obpalleHnii, pasHoe O;
- He 3aKpernsieH.
[o-aHIMIACKN 3TOT a/lropUTM HasbiBaeTcs clock-sweep.

Uem 60/1blLe 3HaYEeHMe cyeTumnka y bychepa (To ecTb YeM yalle OH
Ncnonb3yeTcs), Tem 60Mblle Y Hero WaHCcoB 3a4epXaTbCA B Kewe. YToobl
n3bexarb «HaMaTblBaHWs KPYroB» Npu BbITECHEHMMW, MAaKCUMaslbHOE
3HaYyeHue cyeTymKa obpalleHnii orpaHUyeHo Yncsiom 5,

B Hawem npnmepe npolecc obpawiaeTtca K nepsomMy bydoepy no ykasaresto.
CueTunk obpauleHunii aToro bydepa elle He paseH 0, Tak YTO OH
YMEHbLLAETCA Ha eQuHULY U yKasaTeslb CABUraeTcs K criefytoliemy oydepy.

Cnepytowuii 6ychep 3akpenneH (To ecTb UCNONb3YETCS KaKUM-TO
MPOLLeCCOoM), 1 NO3TOMY CTpaHuLa He MOXET ObiTb BbITECHEHA M3 HETO.
3HauyeHMe ero cYeTuMKa TakKe YMEHbLLAETCS Ha eVHNLLY.

HakoHeLl,, Mbl NPUX0AMM K He3akpenieHHoOMY 6ydoepy C HyNeBbIM CHETYMKOM
obpauweHunin. CTpaHunya 13 atoro bydoepa n 6yaeT BbITeCHEHA.
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UTeHne c BbITECHEHUNEM Posigres

xelw-Tabnumua

cnegyowias
XepTBa

nyuwe,
Koraa 3anucb
choHoBas

OfHaKo B HalleM Npumepe HalaeHHbI bydiep okasasics rpsi3HbIM — OH
COAEPXUT N3MEHEHHbIE AaHHble. M03TOMY CHayasna cTpaHuLly TpebyeTtcs
COXpPaHUTb Ha AuCK. An1s aToro 6ydiep 3akpennseTcs U yctaHaBMBaeTcst
6/10KMPOBKA COAEPXMMOI0 CTPaHuLbl, NOCNE Yero CTpaHuLa 3anncbiBaeTcs
Ha [MCK.

3HaunTesIbHO apdpeKkTnBHeE, Korga 3anmcb NPOUCXOLAUT aCUHXPOHHO U
npouecc o6HapyXMBaET BbITECHSAEMYIO CTPaAHULY YUCTO. UTOGLI 3TO GbINO
BO3MOXHbIM, CyLlecTByeT npouecc poHosoi 3anuncu (background writer).

[Mpouecc POHOBOW 3anMCcKn UCMO/b3YET TOT Xe CaMblil a/ITOPUTM Noucka
OyhepoB AN BbITECHEHMWS, YTO U 06CyXMnBarLMe NPoLecChl, TO/bKO
NCNonb3yeT CBOM ykasarteb. OH MOXET onepexaTb yKasaTe/lb Ha «<OKepTBY»,
HO HWMKOr4a He OTCTaeT OT Hero.

3anucblBatoTcsa 6ydrepbl, KOTOpble 04HOBPEMEHHO:

- cofepXXaT U3MeHeHHble (TpPA3Hble) CTpaHuLbl,

- He 3aKpensieHsbl (pin count = 0),

- UMEIOT HynieBoe Yncno obpatleHunin (usage count = 0).

Takum 06pa3om hOHOBLIN NpoLecc 3anncu HaxoguT Te 6ydepsbl, KOTopble
C 60/1bLLON BEPOATHOCTLIO BCKOPE NOTPEOYeTCA BbITECHUTD.

Tenepb cTpaHuLa MOXET ObITb BbIOpPOLLEHA, a U3 XeLl-Tabnuubl
Heo6XoAMMO YAIUTb CCbIJIKY Ha 3Ty CTpaHuuy. [na aToro notpedyeTcs
MOHOIMO/IbHO 3a6/10KMPOBaTh HYXHbI hparMeHT xell-Tabnuupl.
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UTeHne c BbITECHEHUNEM Posigres

xelw-Tabnumua

cnegyowias
XepTBa
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[ocne Toro Kak cTpaHuLa 13 rpssHoro 6ychepa 3anncaHa Ha Juck,

B 0CBO6GOAMBLUMIACA Bydoep UMTaeTcsl HoBasi CTpaHuua, a B Xelw-tadnuuy
[06aBseTca cebl/ika Ha Hee.

CyeTumnK obpalleHunii yBennumBaeTcst Ha eguHuLy. Ccbinika Ha cneayoLyto
«KEPTBY» Y)XXe YKa3blBaeT Ha criefytoLLunii bydep, a y To/IbKO UTo
3arpy>eHHoro ecTb Bpemsi HapacTUTb CYETUMK OOPALLEHWIA, NOKa yKasaTe b
He 060/iaeT No Kpyry Becb GydhepHbIii Kelll U He BEPHETCS BHOBb.



Hcnmonb30BaHue OydepHOro kKeiia

ITepe3amnycTuM cepBep, YTOOL OUUCTUTL OyepHEIN Kel.

= \q

student$ sudo pg_ctlcluster 12 main restart

student$ psql arch_wal

C IIOMOIIBI0 paCIINPEHUSI MOXKHO YOEOUTHLCS, YTO B Kellle HeT O0ydepoB, OTHOCSAIUXCS K Halllel Tabiuie:

=> SELECT isdirty, usagecount, count(*)

FROM pg_buffercache b

WHERE b.relfilenode = pg_relation_filenode('t'::regclass)
GROUP BY isdirty, usagecount;

isdirty | usagecount | count

(0 rows)

Temeps BHIIIOTHUM 3alIPOC, KOTOPHIM MPOYKUTAET BCe CTpaHulbl Tabmuilel. Komauma EXPLAIN ANALYZE ¢ mapaMeTpoM
BUFFERS mokaxeT, Kakoe KOIM4eCTBO obpateHuil K 6ydepam motpe6oBanoch Al BEIIIOTHEHUS.

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM t;

QUERY PLAN

Seq Scan on t (actual rows=1000 loops=1)
Buffers: shared read=18 dirtied=18

Planning Time: 0.121 ms

Execution Time: 0.172 ms

(4 rows)

B mamHOM cnydae 3ampoc npouuTan 18 cTpaHull, HU OOHOM U3 KOTOPHIX He 0Ka3aJioch B Kelrle (read).

A moyeMy 9TU cTpaHUIL ObUIH U3MeHeHH! (dirtied)?

Kak paccmaTpuBanock B 0630pe BHYTPEHHETO YCTPOUCTBA MHOTOBEPCUOHHOCTH, IIPX IIEPBOM UYTEHUM HOBBIX BEPCHUY CTPOK B
3aroJIoBKax 3TUX BEPCHUH IIPOCTABIISIETCS CTATyC TpaH3akuuu (3admkcupoBaHa uiu o6opBaHa). ITO BEI3HIBAET U3MEHEHUE
CTPaHMUIIEL.

4To Temnephb MBI 0OHAPYKUM B Kelie?

=> SELECT isdirty, usagecount, count(*)

FROM pg_buffercache b

WHERE b.relfilenode = pg_relation_filenode('t'::regclass)
GROUP BY isdirty, usagecount;

isdirty | usagecount | count

Kaxk pa3s 18 6ydepoB 3anoHEeHE faHHBIMH TaOINUIEL.
A KaK U3MEHUTCS BEIIIOJIHEHUE TOT'O JKe CaMOoI'o 3ampoca?

=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT * FROM t;

QUERY PLAN
Seq Scan on t (actual rows=1000 loops=1)
Buffers: shared hit=18
Planning Time: 0.039 ms
Execution Time: 0.111 ms
(4 rows)

Teneps Bce maHHBIe ObITH B3gTH K3 Kea (hit), a cam 3anpoc BemonHuncs 6eicTpee. IMEHHO ¢ HanmuyueM Kellla ¥ CBS3aH
TOT (HaKT, YTO IIPU IOBTOPHOM BEITIOJIHEHUHU 3aIIPOCHI OOBIYHO paboTaioT GRICTpEE.
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BpemeHHble Tabnnubl Pos{gres

IlaHHbIe BpeMeHHBIX Tabmuil

BU/IHBI TOJIBKO OJHOMY CeaHCy — HeT CMbIC/Ia UCTI0Ib30BaTh OOLIHIA Kelll
CYILIeCTBYIOT B TIpeZiesiax ceaHca — He >KajIko MoTepsITh Mpu cboe

Vcrosib3yeTcst TOKaIbHbIN OydepHbIi Kel

He TpeOyroTCst O/IOKUPOBKH
TaMsITh BbIZIE/ISIETCS 110 He0OX0JUMOCTH B Tipefieniax temp_buffers
OOBIUHBIH aTOPUTM BBITECHEHUST

12

ckntoueHue 13 obLero npasuia npeactasnaioT co60i BpeMeHHble
Tabnuybl. NMOCKONbKY BPEMEHHbIE faHHble BUAHbI TO/IbKO O4HOMY NPOoLEeccy,
UM Heyero genarb B 06wem bychepHom Kewle. bonee Toro, BpemMeHHble
[aHHble CYyLEeCcTBYIOT TO/IbKO B paMKax OfHOro ceaHca, Tak YTO UX HEe HYXHO
3almularb oT cooA.

[Ns BpEMEHHbIX AaHHbIX UCMOMb3YETCA 06NErYeHHbIi NOKasTbHbIN Kelll.

MOCKOMbKY NOKasIbHbIM KeLl AO0CTYNeH ToNIbKO OAHOMY MpoLeccy, 4/ Hero
He TpebytoTca 6/10KMPOoBKU. NMamMAaTb BblAeNsaeTcs no Mepe HeobXxoANMOCTH
(B Npeaenax, 3afaHHbIX napameTpom temp_buffers), BeAb BpeMeHHble
TabnvLbl NCNOJL3YIOTCA Aa/IEKO HE BO BCeX ceaHcax. B iokasibHOM kelue
MCNOJIb3YeTCs 0ObIYHbIA aNTOPUTM BbITECHEHUS,



XXypHan npeasanucu Derez

YcTpoucTBO XXypHasa
KoHTposibHas Touka
BoccTaHosieHue nocje cbos

CHUHXPOHHBIY ¥ aCUHXPOHHBIN PE>KUMBI

13
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JKypHan npeasannciu Pos}gres

Heo0OxoamumMocThb
JTAaHHbIe MEHSIIOTCS B OTIePATUBHOM NaMSTH (B YaCTHOCTH, B OydhepHOM Kelile)
U I10MaAd0T Ha JHUCK aCI/IHXpOHHO
ripu c60e ocTaeTcs TOMBKO MHGOPMALYS, 3aricaHHast Ha JIUCK

MexaHusm
,Z[Ef/iCTBHH HaJ, JaHHBIMH 3dITMChIBAOTCA B )KypHaJ'IZ
v3MeHeHHe CcTpaHul] B OydhepHoM Kelile, (hUKCaI[Usl 1 OTMEHA TPaH3aKLWi
mypHaanaH 3dITMCh I10TIaJdeT Ha JHCK paHI:LLIe HN3MeHEeHHBIX JaHHBIX

roce cbost oriepalru, 3ariMiCadHHbIE B >)KyPHaJ/I, HO He IOITaBIlIKWe Ha JUCK,
MO>XHO BBITTIO/THUTb ITOBTOPHO

14

OCHOBHas nNpUYnHa cyLecTBoOBaHNSA XypHana — HeobxoauMoCTb
BOCCTaHOB/IEHNS COINacOBaHHOCTY AaHHbIX B C/lyvae c60s, Npu KOTOPOM
TepseTca coaepXnmoe onepartvBHOM NamsaTh, B YHACTHOCTU, BydiepHbIi KelLl.
Tem cambiM 06ecneymBaeTCs BbINO/IHEHNE CBOWNCTBA A0NTOBeYHOCTH (bykBa
«D» 13 Habopa cBoncTB TpaH3akumin ACID).

OOHOBPEMEHHO C U3MEHEHMEM [laHHbIX CO3[aeTCs 3anunchb B XypHarse,
cofepxatlas AoCTaTouHY0 MHGhopMaLunio 415 NOBTOPEHWS 3TOW onepavwmu.
XXypHanbHas 3anvcb B 06513aTe/IbHOM Nnopsake nonagaeT Ha ANCK (Mu
Apyroe saHeproHesasnc1MMoe YCTPOMCTBO) A0 TOro, Kak Tyaa nonaget
N3MEeHeHHas CTpaHuLa — OTCHAa U Ha3BaHMe: «KypHasn npeasanucun»,
«write-ahead log».

YXKypHanunpoBaTb HY>XHO BCe onepauum, Npu BbINOSIHEHUN KOTOPbIX
BO3MOXHA CUTyaLusi, YTo Npu cboe pelynbTat onepaummn He gonaet
[10 AMCKa. B 4acTHOCTK, B XXypHasl 3anncCbiBalOTCA N3MEHEHME CTPaHNLL
B 6ydhepHOM Kelle 1 hakT ouKcaLmm 1 0TMEHbI TPAH3AKLWIA.

B XypHas1 He 3anncbiBaloTCs onepaunn ¢ HeXxxypHanmpyembiMu
(1 BpeMEHHbIMK) Tabnmuamu.

B cnyuyae c605s MOXHO NpounTaTh XypHas 1 Npu He06X0AMMOCTM NOBTOPUTb
Te onepawumn, KOTopble YXXe Obl/IN BbINOMHEHbI, HO Pe3y/ibTaT KOTOPbIX He
ycnen nonacTb Ha AUCK.

https://postgrespro.ru/docs/postgresqgl/12/wal-intro




o)) PROFESSIONAL

YCTPOWCTBO XypHana Pos{gres

3aro/1I0BOK:
HOMep TpaH3akuuu,
MEHeKep pecypcos,
KOHTpO/bHast
cymMmma

LSN

\]

0 / Homep
3anucu

T0C/IeI0BaTeIbHOCTD 3arMcei
Homep 3armcu — 64-6utHenii LSN (log sequence number)
crieljuabHbIN TUN pg_lsn

15

Jlornyecku xypHas MOXHO NpeAcTaBuUTb cebe Kak Noc/ie0BaTe/lbHOCTb
3anuceii pasfiMuyHoit ANnHbLL. Kaxkaas 3annchk COAepPXUT AaHHble

0 HEKOTOpPOI onepauun, NpeasapeHHbIe 3aro/IoBKOM. B 3aronioBke, B unce
MPOYero, ykasaHbl:

- Homep TpaH3akuuu, K KOTOpOVI OTHOCUTCA 3aluncCob.

- MeHekep pecypcoB — KOMIMOHEHT CUCTEMbI, OTBETCTBEHHbIN 3a AaHHYIO
3anncb, KOTOPbIA NOHUMAET, Kak MHTePNPeTnpoBaTb AaHHble. ECTb
oTAeNbHblE MEHeMKEPbI ANA Tabnuu, 4115 Kaxaoro Tmna nHaekca, s
craryca TpaH3akuuii 1 T. 1.

- KoHTponbHasa cymma (CRC).

[na Toro, 4TO6LI COCNATLCA Ha ONpefesieHHYI0 3anncb, UCNONb3YETCH TUM
AaHHbIX pg_lsn (LSN = log sequence number) — 64-6utHoe 4ncno,
npeacTasnsowee coboin 6anToBoe CMeLLeHne 40 3annucu OTHOCUTENIbHO
Havasia XypHasna.

Ha ancke XypHan xpaHuTcs B Buge dainsios oMKCMpPOBaHHOIO pasmepa
(06bl4HO 16 M6aiiT). Korga 3akaH4ymMBaeTCs MECTO B Tekyllem chaine,
cucTeMa nepekioyaeTcs Ha CneayoLwmii.

B onepaTuBHO NaMAT paboTa C XXYpHasioM BeAeTCA B cneunasibHbIX
6ychepax, KOTopble opraHn3oBaHbl Hanogobue 6ydyepHoro kKewa.



YCTPOMCTBO XKypHaia

HaunemM TpaH3akuuio.

=> BEGIN;

BEGIN

Tekymas 0o3uUIUs B XKypHaJe:

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/420E3E0
(1 row)

LSN BBIBOOUTCS KAk OBa 32-0OMTHHIX YHCJIa B MIECTHAAIIATEPUYHON CUCTEME Yepe3 KOCYI0 Y4epTy.
BrimosHUM Kakoe-HuOyOb OeiCTBYE, HAIPpUMeD, U3MEHUM CTPOKY B TabswuIe:

=> UPDATE t SET s = 'FO0' WHERE id = 1;

UPDATE 1

H3MeHUTCS U O3ULUS B XKypHane?

=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/4210CA0
(1 row)

ITo3unus yBenu4yunIace.

3aBepuInM Ternepb TPaH3aKIIHIo.

=> COMMIT;

COMMIT

[To3unus B KypHajie CHOBa U3MEHUJIaCh:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/4210CC8
(1 row)

Pa3mep XypHa/IbHBIX 3anucel (B 6aiTax), COOTBETCTBYIOIIMX HallleH TPaH3aKIIWKM, MOXKHO Y3HATh IIPOCTHIM BEIYUTAHUEM
OOHOM MO3UIUU U3 OPYTOM:

=> SELECT '0/4210CC8'::pg_lsn - '0/420E3E0'::pg_lsn;

?column?

BesyciioBHO, B XKypHal moagaeT HHGopManus 060 BcexX OeHCTBUSIX BO BCeM KilacTepe, HO B JAHHOM CJIydae MbI CUMTaeM,
YTO B Halllel cucTeMe OOJIbIle HUYEero He IIPOUCXOOUT.
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KOHTpO/bHaA To4vka Posigres

[Tporjecc meproguueckoro cOpoca rps3HbIX CTPAHUIL] Ha AUCK

OrpaHyurBaeT KOJIMUeCTBO XKypHa/IbHbIX 3alluceH,
Heob6X0IUMBbIX [I/7Is1 BOCCTAHOBJIEHHs B C/Tyuae cOost

HaudaJ/io KOHTPOJ'H:HOﬁ TOUYKH: ITOMEYAKOTCA I'PA3HbIE CTPAHUIIBI B 6y€bepHOM Keliie
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Ecnv He NpeanpuHATL cneUuanbHbIX Mep, TO akTUBHO UCMO/b3YoLLLasics
CTpaHuua, nonas B BydepHbIli KeLl, MOXET HUKOr4a He BbITECHATLCSA. ITO
O3HavaeT, UTo Npu BOCCTAHOB/EHNM nocse c60s1 NpuaeTcs NpocMaTprBaTh
BCe XYypHasibHble 3anncu, Co3AaHHble C MOMEHTA 3arycka cepBepa.

Ha npakTuke 310, KOHEYHO, HeOMNYCTMO. Bo-nepBbIX, haiinbl 3aHMMatoT
MHOIo MecTa — WX BCce NPUAETCS XpaHUTb Ha cepBepe. Bo-BTOPbIX, BPEMS
BOCCTaHOB/IEHUA ByeT 3anpeaenbHO 60/bLINM.

[MosToMy cywlecTBYeT cneymasbHbIi OHOBbIM NPOLECC KOHTPO/IbHOM TOUKN
(checkpointer), koTopblil Nnepnoanyeckn copacbiBaeT BCe rpPsi3Hble CTpaHULbI
Ha ANCK (HO He BbITECHSAET uUX 13 Kewwa). lNocne Toro, kKak KOHTPOIbHAaSA
TOUYKa 3aBepLUeHa, XXypHasibl BM/I0Tb A0 Havasia KOHTPO/IbHOW TOUYKN 60/bLue
He HY)XHbl /19 BOCCTAHOB/IEHUA.

[PSA3HbIX CTPaHULL MOXET 0Ka3aTbCsl MHOIO, 1 cbpachkIiBaTb UX OAHO-
MOMEHTHO Ha AMUCK — nioxas naes. Moatomy B Hauyasie BbINOSIHEHUS
KOHTPO/IbHOV TOUKM B 3aro/IoBKax rpsidHbix 6yd)epoB CTaBUTCS
cneumanbHbIii donar, KOTopbIA FOBOPUT O TOM, YTO B XOA€ BbINO/THEHUS
KOHTPO/IbHOM TOUKM AaHHasi CTpaHMLA A0/MKHA ObITb COpOLLIEHa.
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KOHTpO/bHaA To4vka Posigres

TOMeUeHHbIe CTPAHMUL[bI TOCTEITeHHO 3ariChIBAIOTCS,
roMeTKa youpaeTcsi U3 3arosioBka Oydepa

cTan
PA3HBLIM
nocne Havana
KOHTPONbHOIA
TOUKM

4 L

[Tocne 3aBepiieHUs1 KOHTPOIBHOW TOUKH >KyPHA/IbHbIE 3a1CH,
TIpe/IIIeCTBYIOLLME ee Hayasly, MOTYT ObITh y/aieHbl
18

3arem npoLecc KOHTPOJIbHOW TOYKM rnocmerneHHO NPOXoAMUT MO BCEM
Oychepam 1 copacbiBaeT NOMeYEeHHbIe CTpaHuubl Ha AUcK. OTMETUM, YTO
CTpaHULbl HE BbITECHAIOTCA U3 Kella, a TO/IbKO 3anucbiBatoTcs. [NoaTomy
KOHTPO/IbHasA TOUKa He obpallaeT BHMMaHMS Ha YMCN0 o6paLleHni

K 6ychbepy 1 npu3Hak 3akpensieHHOCTH.

KoHeuHo, B npouecce paboTbl npouecca KOHTPOIbHOW TOUKM CTPaHULbI
NpoAO/MKAKT N3MEHATLCA B BydoepHOM Kewle. Ho HoBble rps3Hble Bydhepsl
y)X€e He paccMaTpuBatoTCA NPOLLECCOM KOHTPOJIbHOM TOYKM, Tak Kak Ha
MOMEHT Hayana paboTbl OHN He ObI/IN TPA3HBIMU N HE OTMEYEHbI doarom.

B KOHLe paboTbl NpoLEecc Co34aeT XYpPHa/lbHYH0 3annucb 06 OKOHYaHUK
KOHTPO/IbHOW TOYKM 1 coxpaHsaeT LSN Hayasia KOHTPOSIbHON TOYKM, YTOObI
Npn HEOBXOANMOCTM MOXHO 6blN10 BLICTPO BLIACHUTL MNOC/IEAHIO0
3aBEepLUEHHYI0 KOHTPOJ/TbHYIO TOUKY.

[Mocne 3Toro cepBep UMEET NPaBo YyAa/IMTb BCE XYpPHaslbHble 3arnuncu,
npeaLwecTByoLWMe Havyasy TONIbKO YTO 3aBEPLUEHHON KOHTPO/IbHOM TOUKM.



KoHTpoO/ibHasi TOYKa

Cetiuac B 6ydepHOM Kellle HaXOOUTCSI HECKOIbKO I'PSI3HEIX OydepoB:

=> SELECT count(*)
FROM pg_buffercache b
WHERE isdirty;

KoHTponbHas ToO4YKa BHIIOIHSETCS CEPBEPOM IIEPHOANYECKH, HO €€ MOXKHO BBI3BATh M BPYYHYIO.
=> CHECKPOINT;
CHECKPOINT

HOCKOJ’[BKY II0 YMOJIYaHHUIO 6y(1)epHLI171 Kelll UMeeT HeGOJIbIIoH pa3Mep, KOHTPOJIbHAadA TOYKa BEITIOJTHAETCSA OYEeHb 6bICTpO.
Hos PeanbHBIX CUCTEMAaX, UCIIOJIb3YIOIIUX OOIBIIION 6y(bethI171 KeIll, 3TO MOXKEeT 3aHUMAaTh CyYILlIeCTBEHHOE BpeMsi.

CKOIBKO Tpsi3HEIX Oy(depoB ocTanercs B 6ydhepHOM Kemre?

=> SELECT count(*)
FROM pg_buffercache b
WHERE isdirty;

Hu OOHOTO. XoTs, ecnu OBI B Hallle# cucTeMe Obljla KaKasi-TO AKTUBHOCTB, I'DA3HEBIE 6y(bep1>1 — IIOsIBUBLINECHA y2Ke II0Cie
Havalla KOHTpOJ’ILHOfI TOYKH — MOTJIA OBI OCTAThCS.
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BoccTaHOB/1eHue Pos{gres

[Tpu cTapre cepBepa roce c6os

1. Haiitu LSN, Havasa nocefHel 3aBepllieHHON KOHTPO/IHOM TOUKU
2. IPUMEHUTD Ka)KJYI0 3alMCh JXypHasa, HaunHas ¢ LSN,
eci LSN 3ammvicu 6osbinte, yem LSN cTpaHHILIbI
3. obopBaTh HauaTkie, HO He 3a(pUKCUPOBAHHbBIE TPAH3AKLIUU
4. OYMCTUTH HEXKYPHAIMPYEeMbIe TaOULIbI
5. BBIMOJIHUTh KOHTPOJIbHYIO TOUKY

Havyano
BOCCTaHOB/1IEHUA

HeobxoanMble doalinbl XypHana

r .
& ' » xid
KOHTpO/IbHas ToYKa c6oi

KOHTpPO/ibHasA To4YKa
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Ecnu B paboTe cepBepa npousoLlesn c60ii, To Npu nocreayowem 3anycke
npoLiecc startup 06Hapy>XMBAET 3TO U BbIMNO/IHAET aBTOMATUYECKOE
BOCCTaHOB/IEHNE.

CHavana npouecc startup onpegensetr LSN, Ha4ana nocnegHer

3aBepLUEHHO KOHTPO/IbHOW TOUKK. [lasiee NPoLLecc YNTaeT XKypHaslbHbIe
3anncuy, HaunHas ¢ HalAeHHOoN No3uLKK, NoceoBaTeIbHO NPUMEHSIS
3anncy K cTpaHuuam, ecninm B 3TOM eCTb HEOOXOAMMOCTb.

UTOObI NOHATbL, HAAO NN MPUMEHATL XYPHA/TbHYIO 3annUch K CTpaHuue, Hago0
cpaBHUTb LSN nocnegHero namMeHeHus ctpaHulbl (KOTOpbIA Npu SobbIX
N3MEHEHNAX 3amnmnCbIBAaeTCA B 3aro/I0BOK CTpaHuubl) ¢ LSN XypHasbHOM
3anucu. Ecnm LSN cTpaHuLbl OKa3biBaeTCA MeHbLIe, TO onepauuio
HeobXxo4MMO NOBTOPUTb.

Takum 06pa3om BOCCTaHaB/MBAETCS COr1acoBaHHOCTb AaHHbIX BO BCEX
CcTpaHuuax. Bce TpaH3akumm, KOTopble Obl/IM Ha4YaTbl, HO He
3ahMKCpoBaHbl, MOMeyvarTcA Kak 060opBaHHbIe.

B KOHLe npoLecca Bce HexypHasimpyeMble Tab/mLbl O4MLLLAKTCS,
MOCKO/IbKY UX COAEPXNMOe BOCCTAHOBUTb HEBO3MOXHO.

Ha aTtom npouecc startup 3aBepliaeT paboTy, a npouecc checkpointer
BbIMO/IHAET KOHTPOJIbHYHO TOUKY, YTOObI 3athukcnMpoBaTb BOCCTAHOB/IEHHOE
COCTOSIHME.
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PeXnMbl XXyYpHa/ZIMPOBaHUA  Posggres

CHUHXPOHHBIU
cOpOC XypHa/IbHBIX 3alTMCeN Ha AWCK TIPU KaXKI0M PuKcalyn

rapaHTUPYETCA NOJ/I'OBEUHOCTb
YBeJ/IMUMBAECTCS BpeMs OTK/IMKA

ACHHXPOHHBIU
cOpOC XypHa/IbHBIX 3aITMCeH TTPOUCXOAUT TIePUOUYUEe CKH

rapaHTHUPYETCA COIVIACOBAHHOCTL, HO HE A0/ITOBEYHOCTDb
He/1aBHO 3aCbI/IKCI/IpOBaHHbIe HU3MEeHEeHUA MOT'YT MpOIacTb

HacTpoiika

synchronous_commit = on/ off MOXHO
N3MEeHATb Ha ypOBHe
TpaH3akumn
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3anuch XypHasa NnpoucxoauT B 0AHOM U3 ABYX PEXMMOB.

B CMHXPOHHOM pexnMe npu hrkcaumm TpaH3akLumum Npoao/KeHne paboThbl
HEBO3MOXHO [0 TeX Mop, NoKa BCce XypPHaslbHble 3anucu, OTHOCSLLNECS
K 3TOW TpaH3aKLUun, He OKaXyTcs Ha Aucke (3HeproHe3aBUCMMOM HOCUTENE).

MpY CMHXPOHHOW 3anucy rapaHTUPYeTCA 4O/TOBEYHOCTb — €C/n
TpaH3akumsa 3adpuKkcMpoBaHa, TO BCe ee XypHasibHble 3amnncu yxxe Ha aucke
N He ByayT notepsHbl. ObpaTHas CTOpPOHa COCTOUT B TOM, YTO CUHXPOHHasA
3anucb ysennumnsaet Bpems oTknuka (komaHga COMMIT He Bo3Bpallaet
ynpasneHue A0 OKOHYaHUA CUHXPOHMU3auUumM) 1 NO3TOMY YMEHbLUAET
NPOV3BOAUTENbHOCTbL CUCTEMBbI.

B aCMHXPOHHOM peXuMe XypHas 3anncbiBaeTca YacTsiMy B QOHOBOM
pexume.

ACVHXPOHHas 3anucb ahhekTUBHEE CMHXPOHHOW. Bo-nepBbIx, domkcauus
N3MEHEHWIA He AO/DKHA HUYero xaatb. Bo-BTOpPbIX, NPW KaXX40i 3anucu
Ha ANCK 0bpabartbiBalOTCA BCE HAKOMUBLLMECS XYPHasIbHbIE 3amnucu U,
Takum 06pa3oM, yMeHbLLAETCSH YMCNO0 U3ObITOUYHbIX ObpaLLeHniA K ANCKY.

OAHaKo HafeXHOCTb YMeHbLUIaeTcs: 3addMKCUPOBaHHble AaHHble MOryT
nponacTb B c/lyyae c60s, ecniv mexay domkcaumein n c6oem npoLio He
O4YeHb MHOI0O BPEMEHMN.

MapameTp synchronous_commit, ynpaBAsitoLniA peXnmMom 3anucu XypHana,
MOXXHO YCTaHaBNNBATb He TOMbKO rM106a/1bHO, HO 1 B pamMKax OTAe/bHbIX
TpaH3aKuuii. DTO NO3BOJISIET YBENMUMBATL NPON3BOANTENBHOCTb, XEPTBYS
HaZ1eXXHOCTbIO TO/IbKO YaCTW TPaH3aKLWIA.

https://postgrespro.ru/docs/postgrespro/12/wal-async-commit
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Toru Posigres

BydepHbIi Kelll yCKopsieT AOCTYI K YaCTO UCTIO/Ib3yeMbIM
JAaHHBIM (HO He pelliaeT BCeX Mpo0sieM MpOU3BOJUTE/TEHOCTH)

Vcnonb3oBaHue 6ydepoB B oriepaTUBHOM MaMsTH
TIPUBOAUT K HEOOXOZMMOCTH >KyPHA/TUPOBaHUS

[Iporiecc KOHTPOIBHOM TOYKH OIPaHUUMBAET pasMep XPaHUMBbIX
JKYPHaJIbHBIX (DaiiJIOB M COKpAlLL[aeT BpeMsi BOCCTAaHOBJIEHUS

JKypHast He TOJIbKO T103BOJIsIeET BOCCTAHOBUTh COT/IaCOBAHHOCTh
riocsie c60eB, HO MOXKeT MCII0/Ib30BaThCS U /IS APYTUX 3a/au
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[1pakTuka Pos{gres

1. Bocnone3yiTech paciiipeHHeM pg_prewarm, YToObI
aBTOMaTHYeCKH BOCCTaHAB/IMBATh CofiepkKumoe OydepHOro Keliia
ToCJie Tiepe3arpy3Kuy cepBepa.

[TpoBepbTe U 3aTeM OTK/IHOUMTE paclliUpeHue.

2. Co3paiite Tab/uily 1 BCTaBbTe B He€ CTOJILKO CTPOK, UTOOBI
ee 00beM COCTaBJIsI IPUMEPHO TOJIOBUHY OT 06beMa OydepHOoro
Kettia. [Tepe3arpy3ure cepsep, YT00bI OUUCTUTD Kelll.
BhITNoHUTe 3aMpoC Ha YTeHWe BCeX CTPOK Tab/HLbI U TIOCTe
3TOTO TIPOBEPETE, CKOJILKO OydhepoB B Kellle CO/iep>KaT CTPAHHLIbI
5ToM Tab/muiibl. O6BSCHUTE pe3y/IbTar.

3. CpaBHuUTe TIPOU3BOAUTETLHOCTb CUCTEMbI IIPU CUHXPOHHOM
Y aCUHXPOHHOM peKuMax (PUKCaLU, UCTIONb3Ysl YTUIUTY
3Ta/IOHHOTO TeCTUpOBaHUs pgbench.
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1. ina aToro notpebyerca Ao6aBuThb paclumpeHme pg_prewarm
B 3arpy>xaemble 61ubnoTekn:

ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
N 3aTeM nepesarpy3nTb cepeep.
https://postgrespro.ru/docs/postgresqgl/12/pgprewarm

2. Ana aHanm3a ucnonb3yinte paclumpeHne pg_buffercache, nokaszaHHoe
B A€MOHCTpauun.

3. NHnumanuanpyiTe TectoBble Tabnumubl, Bbi3BaB pgbench ¢ K/1ouoMm -i.

3aTeM BbINOMHSINTE 3TA/I0OHHbI TECT B OAHOM M APYrOM pexumax Ha
MPOTSKEHNM HEKOTOPOTO BPEMEHMN.

https://postgrespro.ru/docs/postgresqgl/12/pgbench




1. IIporpes Kemnia ¢ IOMOIILI0 Pg_prewarm

Pacmmmpenue Heo0Xo0OUMO T0GaBUTH B 3arpyKaeMble OUONIUOTEKY U IIepe3allyCTUThL CepBep:
=> ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
ALTER SYSTEM

student$ sudo pg_ctlcluster 12 main restart

Co3pmagumM Tabnuly ¢ HaHHBIMU:

student$ psql

=> CREATE DATABASE arch_wal;

CREATE DATABASE

=> \c arch_wal

You are now connected to database "arch wal" as user "student".
=> CREATE TABLE t(n integer);

CREATE TABLE

=> INSERT INTO t(n) SELECT id FROM generate_series(1,10000) id;
INSERT 0 10000

IIpoBepuM Hanuune cTpaHull B 6ydepHoM Kere:

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('t'::regclass);

Ilepe3amyCcTuM cepBep.

student$ sudo pg_ctlcluster 12 main restart
IIpoBepum GydepHEIi Ker:

student$ psql arch_wal

=> SELECT count(¥*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('t'::regclass);

Bce cTpaHuilsl GBITM aBTOMATUYECKHU 3arPyKeHbl B Oy(GepHEIH Kelll TP CTapTe cepBepa.
OTKIIIOYHUM paclIupeHue.

=> ALTER SYSTEM RESET shared_preload_libraries;

ALTER SYSTEM

student$ sudo pg_ctlcluster 12 main restart

2. MaccoBoe BbITECHEHHEe

student$ psql arch_wal
Pa3mep 6ydepHoro kemra:

=> SHOW shared_buffers;



shared buffers

B co3pannoi Tabnune 10000 cTpok 3aHMMAIOT:
=> SELECT pg_size_pretty(pg_table_size('t'));

pg _size pretty

[loGaBuM elre CTPOK Tak, YTOOLI YBEIUYUTH Pa3Mep TabJIMIEI IPUMEPHO OO0 MOJIOBUHEI Oy(epHOoro Kela:
=> INSERT INTO t(n) SELECT id FROM generate_series(1,2000000) id;
INSERT 0 2000000

=> SELECT pg_size pretty(pg_table_size('t')),
pg_table_size('t')/8192 AS pages;

pg size pretty | pages

ITepe3arpysum cepsep.

student$ sudo pg_ctlcluster 12 main restart
student$ psql arch_wal

BBIIOJTHUM 3aIIpOC, YUTAIOMINY BCe TaOIMYHbIE CTPAHUIIB:

=> SELECT count(*) FROM t;

2010000
(1 row)

B OydepHEI# Kell monano BCero:

=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('t'::regclass);

970 paboTaeT MEXaHU3M, 3AIUIIAIONINN OyQepPHLIH KeIll 0T MaCCOBOTO BHITECHEHUS «OMHOPA30BEIMU» TAHHBIMHU, KOTOPHIE
BPSI JIU IOHA#o0sTCa cHOBa. OH OEeNCTBYEeT IPU IIOJIHOM CKAaHUPOBAHUY OOJIBITNX TAOIUI], 0OYKUCTKE U T. II. Takue onepanuu
HCIIONIB3YIOT TOJIFKO HeOOJIBIIYIO YacTh Kellla (Tak Ha3biBaeMoe OydhepHoe KOJIbIIO).

3. 3aBHCHMOCTH IPOU3BOIUTEILHOCTH OT pexxumMa puKcanuu

WHULMATN3UPYEM TECTOBBIE TaOIUIIBL:
student$ pgbench -i arch_wal

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...

100000 of 100000 tuples (100%) done (elapsed 0.12 s, remaining 0.00 s)
vacuuming. ..

creating primary keys...

done.

CunHxpoHHAas GuKcaIus BKIOYeHa:

=> SHOW synchronous_commit;



synchronous commit
on
(1 row)

3amyckaeM sTanoHHHY TecT TPC-B Ha 30 cekyHA:
student$ pgbench -T 30 arch_wal

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 3765
latency average = 7.969 ms

tps = 125.491962 (including connections establishing)
tps = 125.501302 (excluding connections establishing)

TToka3aTenp — KOJIMYECTBO TPaH3aKNuM B CEKyHOY (tps).
BrIKITIO9aeM CHHXPOHHYIO GUKCAIUIO:

=> ALTER SYSTEM SET synchronous_commit = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

IToBTOpPSiEM TECT:
student$ pgbench -T 30 arch_wal

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 30 s

number of transactions actually processed: 81626
latency average = 0.368 ms

tps = 2720.166609 (including connections establishing)
tps = 2721.085262 (excluding connections establishing)

Ha sToM Tune Harpy3kK® U Ha faHHOM 000py[OBaHMM YHCIIO TPAH3aKUWH B CEKYHAY IPHMEPHO B [IBa pa3a BHIIIE. B gpyrux
cry4asx KoapbuIreHT, KOHeYHO, OymeT OPYTHUM.

BoccraHoBMM 3HaYeHUE ITapaMeTpa 0 YMOJIYaHHUIO:
=> ALTER SYSTEM RESET synchronous_commit;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf



