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ByepHbINn KelL Posigres

xelw-Tabnuua

shared_buffers
N

-

[ KeLl OﬂepaLI,MOHHOVI CUCTEeMbI ]

w = w 4

3apava 6ydhepHOro Kela — Crinaxmnsarb pasHuLy B NPON3BOAUTENBHOCTU
[BYX TUMOB NaMAT: onepaTuBHOi (6biCTpas, HO Mano) U ANCKOBOWA
(MegsieHHada, HoO MHOro). YTobbl paboTaTb C AaHHbIMU — YnTaTb UK
N3MEHATb UX, — MPOLLECCHI YNTAIOT CTPaHuLbl B ByhepHbIii Kew K, noka
CTpaHuua HaxoguTcs B Kelle, Mbl 3KOHOMMM Ha 00paLleHnsax K ANCKY.

ByhepHbIil Kell pacnonaraeTcs B 06Lein naMaTn cepeepa u npeacraBnser
cob6or maccus 6ychepoBs (ero pasmep 3agaeTcs KOHOUrypauoHHbIM
napameTpoMm shared_buffers). Kaxaplin 6ycep coCTOUT U3 MecTa nof oaHy
CTpaHuLy AaHHbIX 1 3arofloBkKa. 3aro/IoBOK COAEPXKMUT PacrnosioxXeHne
CTpaHuubl Ha ancke (dpain n Homep CTpaHuLbl) U APYry0 MHGOPMaLMIO.

UTOObI HY)XHYIO CTpaHuLYy MOXHO ObI/10 ObICTPO HaTK B Kelle,
ncnonb3yetcs xeww-tTabnmua. Kyom XelwmpoBaHns B HE CNYXUT hainn un
HOMep CTpaHuubl BHYTpU dparina. Ytobbl HaNTK cTpaHuuy, Hago NPOBEPUTL
BCe 6ydrephbl, yKasaHHble B COOTBETCTBYHIOLLIEN KOP3UHE XeLLU-Tabnumubl: M60
cTpaHuua Hangetcs, Mbo Mbl y6eammcs B TOM, UTO ee HET B KeLle.

B nocnegHem cnyyae ctpaHuuy npuaeTcs npountaTb B 6ydiepHblil kel

¢ Ancka. OgHako HanoMHMM, YTo PostgreSQL uMTaeT 1 3anmcbiBaeT faHHbIe
He B 06X0/, Kella ornepaunoHHOM CUCTEMBI, a Yepes Hero. 3To, 0YEBUIHO,
NPUBOANT K AYyONNPOBAHUIO AAHHbIX Y 4BOMHOMY KELIMPOBaHMIO, HO TakoBa
Tekywas peanmsayms. Noatomy «npomax» MMMo 6ychepHoro kewa He
06A3aTeNbHO 03Ha4YaEeT, YTO AaHHble ByayT (Pn3nYeckn YnTaTbCsa ¢ AUCKa.



BydepHsbrii ket

=> CREATE DATABASE arch_wal;
CREATE DATABASE
=> \c arch_wal
You are now connected to database "arch wal" as user "student".
Cosgazum TabIuIly.
=> 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 BX0OJUT pacIIMpeHHe, KOTOPOe I103BOJIseT II0CMOTPETh, YTO IIPOUCXOAUT B 6yPpepHOM Kellle.
=> CREATE EXTENSION pg_buffercache;
CREATE EXTENSION
PasMep Kellla OIIpe/iesIIeTcs] KOHQUTYPalOHHEIM ITapaMeTpOM:

=> SHOW shared_buffers;

shared buffers

PacurvpeHHe IIOKa3bIBaeT KaXKABIH 6ydep Kak OT/eIbHYI0 CTPOKY OZHOMMEHHOTO0 IIpe/ICTaBIeHUS:
=> 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

xew-tabnuua

uncno
o6paLLeHuit
+1

Gydep
3aKkpennieH

PaccmMOTpMM criyyaid, Korga Heobxoammasi CTpaHuLa HaxoauTcsl B KelLle.

ByhepHbIil Kew 1 xew-Tabnuua HaxoasaTcsa B 00LWeil naMaT, U AOCTYn
K HAM eCTb y BCex npoueccos cepsBepa. [1o3Tomy 04HOBpPEMEHHbIN,
KOHKYPEHTHbI AOCTYN K 3TUM CTPYKTYpam HeobXxo4MMO ynopaa0umBaTh.

Bbluncnve xeLl-Kog, npouecc 6/10KMpyeT HeobxoauMbI hparMeHT XeLu-
Tabnvubl B pasgenseMom pexmnme (ToNbKo A1 YTEeHUS) C MOMOLLbIO Tak
Ha3bIBAEMOW «/1ETKON BNIOKMPOBKU», U YXe 3aTeM HaxoanT bydep,
coepxaLlnin HYXXHYH0 CTpaHuLy.

CepBep ynpasnseT 6/10KMpOBKaMN JaHHbIX B pasfesieMoin namaTu
MOIHOCTLIO aBTOMaTn4yeckn. Paspabotunkn PostgreSQL npunaratoT MHOMo
YCUNIA K TOMY, UTOObI 3TK 6/10KMPOBKM paboTaniv adhdhekTMBHO. Hanpumep,
4yTOObI He 6N10KMPOBATHL BCHO XeLl-Tabnumuy cpasy, OHa pasfefneHa Ha
HeckosibKo (128) dpparMeHTOB, KaXKAbI N3 KOTOPbIX MOXET paboTaTb
He3aBMCUMO OT ApYyrnx. Tem He MeHee Haf0 NOHUMaTb, YTo, XOTS AOCTYN

K Kelly 6bICTpee, YeM K AMUCKY, OH BCe e He GecnsiaTeH.

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

B 3aro/floBKe cTpaHuubl. MNoka 6ydoep 3akpensieH (3HadeHue pin count
OoNbLLEe HYNS), CYUTAETCA, YTO Bydpep UCMO/Ib3yeTCa N ero CoepPXMmMoe
He OO0/DKHO «pajuKasibHO» M3MEHUTbLCA. Hanpumep, B CTpaHuLe MOXeT
NOSABUTBLCA HOBAsA BEPCUSA CTPOKN — OObIYHO 3TO HE NomeLlaeT Apyrnm
npoueccam 6narogapsi MHOroBepCMOHHOCTU 1 Npasuaam BUOUMOCTH.

Ho B 3akpenseHHblin 6ydhep He MOXET ObITb MpoUYMTaHa Apyras cTpaHuua.

Mpouecc Takke YBEMUMBAET CUETUMK 0OPALLEHNIA K CTpaHuLe (usage
count). CYETUMK UCNOMb3yeTCcA A/1S1 TOF0, YTOObI MOHMMATb, Kakne CTpaHuLbl
MCNOSb3YIOTCS YaCTOo, a Kakne Her.
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i3mMeHeHne B cTpaHuLue Posigres

xew-tabnuua

IPA3HBINA
Bychep

Ecnu npoueccy Heo6xoAMMO N3MEHUTb COAEPXMMOe CTpaHuLbl B Bydiepe,
OH [O/IXEH MOJTyYUTb MOHOMOJIbHYO 6/TOKMPOBKY AN 3TOW CTPaHULbl
(4TOObI HE MEHATb AaHHble B TOT MOMEHT, KOraa ux 4ntaroT apyrue
npoLecchl).

I3mMeHeHHas cTpaHuLa, elle He 3annucaHHas Ha AUCK, Ha3blBaeTCcA
«Ips3Ho». B 3aronoBke 6ychepa genaetcst oTMeTka 06 aTtom. (Ha pucyHkax
rpsi3Hble 6ydoepbl BblAeieHbl LLBETOM W LUTPUXOBKOIA.)
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UTeHne c BbITECHEHUEM Posigres

xew-tabnuua

crneaytowas

xeprea 8
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MOXHO
BbITECHUTb

elle paHo:
“cnonb3yetcst
aKTUBHO

HesNb3s
BbITECHUTb!:
3akpenneH

W

Ecnn HY>XXHOI CTpaHuLbl HE HaLLOCh B Kelle, ee HeobxoaMmMo npoYnTaTb
C AUCKa, a ANAa 3TOro HaZlo 0CBO6OANTL KakoW-TO U3 BydepoB, BbIMECHUB
HaxoAsLLYyCAa TaM APYryk cTpaHuuy. iaes cocTouT B TOM, UTOObI
BbITECHATb CTPaHMLbIl, K KOTOPbIM 06pallanncbk peako, ¢ TeM, YTOObI
aKTUBHO MCMNOJIb3yeMble AaHHble KaK MOXHO A0/1blle Haxoauanch B Kelle.

MexaHn3M BbITECHEHUS NCMNO/b3YET YKasaTeslb Ha ClIeAYoLY0 «KEepTBY».
DTOT yKazaTenb npoberaet No Kpyry Bce 6ydiepbl, yMeHbLUIASA Ha eANHNLY UX
cUeTuMKM obpalleHunii (usage count). BoibupaeTcsi nepBbiil Xe 6ydep,
KOTOPbIA OAHOBPEMEHHO:

* UMeeT 3HayeHune cyeTymka obpauleHunii, pasHoe 0O;
* He 3aKper/ieH.
[o-aHrMncKn 3TOT a/IfOpUTM HasbiBaeTcs clock-sweep.

Uem 6osibLUe 3HayYeHne cyeTyunka y bydpepa (To ecTb Yem yaule oH
Ncrnonb3yeTcs), Tem 60MbLUe Y HEero LWaHCOoB 3a4epXaTbCs B Kelle. YTobbl
n3bexarb «HaMaTblBaHWsI KPYroB» Npu BbITECHEHMW, MaKCUMasibHOEe
3HayeHune cyeTymka obpalleHunii orpaHMyYeHo Ymcnom 5.

B Hawwem npumepe npolecc obpawaeTtca K nepsomy bydoepy no ykasaresto.
CueTumk obpaLleHnin aToro bydepa elle He paseH 0, Tak YTO OH
YMEHbLLAETCSA Ha eQuHULY U yKasaTtesib CABUraeTcs K criegytoliemy bydepy.

Cnepyowmnin 6ycdep 3akpensieH (To eCTb UCMONb3YETCS KaKUM-TO
NPOLLeCCOM), 1 MO3TOMY CTPAHMULLA HE MOXET ObITb BbITECHEHA 13 HETO.
3HaueHMe ero CYeTUMKA TaKKe YMEHbLUAETCS Ha eAUHULLY.

HakoHeL, Mbl NpUXo4MM K He3akpeneHHoMYy 6ydiepy C Hy/1eBbIM CHETUNKOM
obpauyeHuin. CTpaHunuya 13 atoro bydoepa n 6yaeT BbITECHEHA.
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UTeHne c BbITECHEHUEM Posigres

xew-tabnuua

crneaytowas
xeprea

nyduwe,
Koraa 3anuch
hoHoBast

OfHako B HallleM NpuMepe HaeHHbI bydep okasancst rPsi3HbIM — OH
COAEPXUT N3MEHEHHbIE AaHHble. M03TOMy CHayana cTpaHuly Tpebyetcs
COXpaHWTb Ha AncK. Ans aToro 6ydoep 3akpensisieTcs 1 yctaHaB/IvMBaeTcsl
G/10KMPOBKA COAEPXKNMOr0 CTPaHuLbl, MOCNE Yero CTpaHuLa 3anucbiBaeTcs
Ha [MCK.

3HaunTenbHO aphbekTMBHEE, KOrga 3anvcb NPoMcXoauT acCUHXPOHHO Y
npouecc o6HapyXXMBaET BbITECHAEMYIO CTPaHuLYy YMCTON. YTOObI 3TO ObINO
BO3MOXHbIM, CyLLlecTByeT npouecc gooHoBou 3anuncu (background writer).

[Mpouecc hoHOBOM 3anncy NCNOob3YET TOT XKe CaMblil a/ITOPUTM nouncka
OychepoB AN BbITECHEHUS, YTO U 06CyXMnBaroLMe NPoLEecChl, TO/IbKO
yKasartesb y Hero cBoi. OH MOXET onepexaTb yKkasaTre/lb Ha «XXepTBY», HO
HUKOr4a He OTCTaeT OT Hero.

3anucbiBatoTcs 6ydoepbl, KOTOpble OAHOBPEMEHHO:

* cofepxXar n3MeHeHHble (rpA3HbIe) CTpaHuLbI;

* He 3akpenneHsbl (pin count = 0);

* VIMEIT Hy/1IEBOE UYMC/IO 06paLleHunii (usage count = 0).

Takum 06pa3om (POHOBbLI NpoLEecC 3anncu HaxoauT Te Bydepsbl, KOoTopble
€ 60/bLLON BEPOATHOCTLIO BCKOPE NOTPebYeTCs BbITECHUTD.

Tenepb cTpaHULa MOXET ObITb BblIOPOLLEHA, a N3 Xel-Tabnmybl
Heo6X0AMMO yAa/IUTb CCbISIKY Ha 3Ty cTpaHuuy. 15 aToro notpebyercs
MOHONMO/IbHO 3a6/10KMPOBaTh HYXHbI hparMeHT xew-Tabnnupl.
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UTeHne c BbITECHEHUEM Posigres

xew-tabnuua

crneaytowas
xeprea
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Mocne Toro, Kak cTpaHuLa u3 rpsi3Horo Gydoepa 3anvcaHa Ha AucK,

B 0CBO6OAMBLUMIACA Bydhep uMTaeTcsl HoBasi CTpaHuua, a B Xxew-tabnuuy
fo6aBnisaeTca ceblsika Ha Hee.

CyeTunK obpalleHunin yBenmumBaeTcst Ha eauHuLy. Ccbinka Ha cieayoLLyo
«KEPTBY» Y)XXe YKa3bIBaeT Ha cneayoumin 6ydep, a y ToNbKo YTo
3arpy>eHHoro ectb BpeMsi HapacTUTb CBOI CUETUMK obpalleHuii, noka
yKasaTeflb He 060NAET MO Kpyry BeCb OydhepHblii Kelll U He BEPHETCS BHOBb.



Hcnosnb3oBaHue 0ypepHOro Kemia

[Iepe3aryCTHUM cepBep, YTOOBI OUUCTUTH OY)epPHBIH Kelll.

= \q

student$ sudo pg_ctlcluster 16 main restart

student$ psql arch_wal

C IIOMOIITHI0 pacCIINPeHUs MOKHO YOeIUThCS, UTO B Kellle HeT 6ydepoB, OTHOCSITUXCS K Halllel Tabiuiie:

=> 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)

Tenepb BBIIIOJTHUM 3aIIpOC, KOTOPBIM IIpoUnTaeT Bce cTpaHuIbl Tabaumsl. Komanga EXPLAIN ANALYZE c mapamerpoM BUFFERS
TIOKa’keT, KaKOe KOJIMUeCTBO obpalljeHuH K 0ydepaM TOoTpe60BaIOCh AJIg BHIIIOTHEHUS.

=> 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:
Buffers: shared hit=17 read=7
Planning Time: 38.162 ms
Execution Time: 0.959 ms
(6 rows)

B IaHHOM CJIy4ae 3aIIpoc IIpoYuTaI 18 cTpaHUIL, HU OJHOM U3 KOTOPEIX He 0KasasIoch B Kelile (read).

A 1T09eMy 3TH CTpaHUIIBI ObLIN M3MeHeHH! (dirtied)?

Kak paccMaTpUBaJIOCh B TeMe «MHOI‘OBEpCI/IOHHOCTb», IIPpU IIePBOM UYT€HHH HOBBIX BepCI/If/i CTPOK B 3aroJIOBKax 3TUX BEpCI/Iﬁ
IIPOCTaBJIAETCA CTAaTyC TPaH3aKIINU (3aCI)I/IKCI/Ip0BaHa HIn 060pBaHa). JTO BBI3BIBAET U3MEHEHUEe CTpaHHUIIBL.

UYTo Tellepb MBI 06HaPY>KUM B Kellle?

=> SELECT isdirty, usagecount, count(*)

FROM pg_buffercache b

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

isdirty | usagecount | count

Kaxk pa3 18 6ydepoB 3aIioIHeHbI JaHHBIMU Ta6JIHITEL.
A KaK U3MEHUTCS BBIIIOJTHEHHE TOTO >Ke CaMOoro 3arpoca?

=> 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: 0.028 ms
Execution Time: 0.077 ms
(4 rows)

Tenepb BCe TaHHBIE OBLTH B3ATHI U3 Kelrta (hit) u BpeMs BBIIIOJIHEHU 3alIpoca YMeHBIITNJIOCh. HMeHHO ¢ HaJIMuueM Kellla 1
CBsI3aH TOT Q)aKT, YTO IIPH IIOBTOPHOM BBIIIOJTHEHHUH 3aIIPOCHL 06GBIYHO paﬁOTaIOT 6BICTpee.
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BpemMeHHbIe Tabnmuybl Pos{gres

aHHbIe BpeMeHHbBIX Tabui]

BU/IHBI TOJILKO OfIHOMY C€aHCy — HET CMbIC/Ia MCIT0/Tb30BaTh OOIIHI Kelll
CYILLIECTBYIOT B Mpe/iesiaX CeaHca — He >KaJlko MOTepsiTh mpu cboe

W cnonb3yeTcsi ioKaabHbIM OyhepHbIi Kelil

He TpeOyroTCsI O/IOKUPOBKH
MaMsITh BBIZIE/ISIETCS TI0 He0OXOIUMOCTH B TIpefieniax temp_buffers
OOBIUHBIN aJITOPUTM BbITECHEHHUS

12

cknoveHnem n3 obLuero npasunia ABNAKTCS BPEMEHHbIE Tabnuubl.
[MOCKOMbKY BPpEMEHHbIE AaHHble BUAHbI TO/IbKO OAHOMY MNPOLEeCCy, UM
Heuyero aenarb B 06LleM 6ydpepHoM Kelle. bonee Toro, BpeMeHHble AaHHble
CYLLECTBYHIOT TO/IbKO B pamMkKax OfHOIo ceaHca, Tak YTo UX He HYXXHO
3almularb oT c6o4.

[Ns BpEMEHHbIX laHHbIX UCNOMNb3YETCS 06NErYeHHbI NOKasIbHbIN KelLll.

MOCKO/bKY TOKasIbHbIM Kell [OCTYMNeH TO/IbKO O4HOMY NpoLueccy, A/151 Hero
He TpebyroTcA 6/1I0KMPOBKN. [NamMATb BblAeNAeTcs no Mepe Heobxo4MMOCTH
(B Nnpeaenax, 3agaHHbIX napameTpom temp_buffers), Beab BpeMeHHbIe
TabvLbl NCNO/Mb3YIOTCA fa/IEKO HE BO BCEX CeaHcax. B nokasibHOM Kelue
MNCNOJIb3YEeTCH OObIYHbIA aNITOPUTM BbITECHEHUS.



XXypHan npegzanvicy Derez

YCTpOUCTBO >XypHasia
KoHTposbHas Touka
BoccraHoBnenue nocyie cbost

CHHXDOHHBIN M aCUHXPOHHBIA PeXXUMBI

13
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>KypHan npeasannciu Pos}gres

HeobxoaumocTs
JITaHHBIE MEHSIIOTCSI B OTTEPATUBHOM MaMATH (B 4YaCTHOCTH, B OydhepHOM Kerile)
U T10MaJar0T Hd AWCK dCMHXPOHHO
rpu cO0e 0CTaeTCst TOMLKO MHGOPMaIHs, 3aITMCaHHast Ha TUCK

MexaHu3Mm
JleVCTBUS HaZl JAHHBIMU 3aITMChIBAIOTCS B KYPHAJT:
r3MeHeHHe cTpaHul] B OydhepHoM Keilile, (DUKCAI[Usi 1 OTMeHa TpaH3aKLUH
JKypHaJsIbHasi 3aMuch MornajiaeT Ha AUCK paHbllle U3MeHEeHHBIX JAaHHBIX

roce cbost oriepalru, 3aliCaHHbIe B )KYPHaJI, HO He IOMaBIIre Ha JUCK,
MO>XHO BBIITIO/IHUTE ITIOBTOPHO

14

OCHOBHas NpuyMHa CyLLecTBOBaHMA XypHasia — He0bX04MMOCTb
BOCCTaHOB/IEHMSA COINACOBAHHOCTY faHHbIX B crlydae ¢60s, Npy KOTOPOM
TepsieTcsa cogepXXumoe onepaTtuBHoOM NaMaTn, B YHaCTHOCTU, BydhepHOro
kewa. Tem cambim obecrneumBaeTcs BbINOSIHEHNE CBONCTBA AO/ITOBEYHOCTY
(bykBa «Dx» 13 Habopa cBoincTB TpaH3akuuin ACID).

O[HOBPEMEHHO C M3MEHEHUEM [laHHbIX CO3[aeTCs 3anncb B XypHaUle,
cofepxallas AoCTaTouHY0 MHGhopMaunio 471 NOBTOPEHNS 3TOW onepauun.
XXypHanbHasa 3anvck B 0653aTe/IbHOM Nnopsake nonagaeT Ha AUCK (Uu
[pyroe aHeproHesasnCcMOe YCTPOWCTBO) A0 TOro, Kak Tyaa nonaget
N3MEeHEeHHas CTpaHuLa — OTCHo4a W Ha3BaHWe: «KypHaul npeasanuciu,
«write-ahead log».

JKypHanupoBaTb Hy)XXHO BCe ornepauuu, npu BbINOSIHEHUN KOTOPbIX
BO3MOXHa cUTyaLus, Y4To npu cboe pesysbTar onepaunn He gonaet
[0 gucka. B yacTHOCTU, B XXypHaUl 3anncbiBalOTCA U3MEHEHME CTPaHuL,
B 6ydoepHOM Kelue 1 dpakT domkcauum u OTMEeHbI TpaH3aKLM .

B XypHan He 3anncbiBaloTCA onepaumn ¢ HeXXypHannpyemMbimu
(1 BpemeHHbIMK) Tabnnuamu.

B cnyyae c6051 MOXHO NpoYnTaTh XypHas 1 Npy He06X0AMMOCTM NOBTOPUTb
Te onepaumm, KOTopble YXe Obl/v BbINOIHEHbI, HO PE3Y/ibTaT KOTOPbIX He
ycnen nonacTb Ha AUCK.

https://postgrespro.ru/docs/postgresal/16/wal-intro
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YCTPOMCTBO XypHasa Pos{gres

3ar0/10BOK:
HOMeEp TpaH3aKLmuu,
MeHekep pecypcos,
KOHTPO/IbHas
cymma

LSN

|

0 / «HOMEp»
3anumcu

1oc/ie/]oBaTe/IbHOCTh 3arvcen
«HoMmep» 3arcu — 64-6utHbii LSN (log sequence number)
crielfuaabHbIN TUN pg_lsn

15

Jlornyeckm XypHan MOXHO NpeAcTaBUTbL cebe Kak noc/iefoBaTe/lbHOCTb
3annceit passiMuyHoi ASIMHbI. Kaxkaas 3annchb COAEPXUT AaHHble

0 HEKOTOPOW onepauumn, NpeaBapeHHble 3arofloBKOM. B 3aronoBke, B uncne
MPOYEro, ykasaHbl:

* Homep TpaH3akuum, K KOTOpOVI OTHOCUTCA 3alncCb.

* MeHemxep pecypcoB — KOMIMOHEHT CUCTEMbI, OTBETCTBEHHbIA 3a AaHHY0
3anuncb, KOTOPbI NOHUMAET, Kak MHTEPNPEeTUpoBaTb AaHHble. ECTb
oTAeNbHble MeHemMKepbl ANA Tabnuu, 415 KaXkAoro Tmna nHaekca, osis
crtaryca TpaH3akuum n T. n.

e KoHTponbHasa cymma (CRC).

[nsa Toro 4To6bLI COCNaThCA Ha OnpeesieHHYIo 3anncb, UCNOMb3YEeTCA TUN
AaHHbIX pg_Isn (LSN = log sequence number) — 64-6UTHOE YKnChoO,
npeacTasnsolee coboin 6anToBoe cMelleHne 3anncu 0THOCUTENIbHO
Havyasia XypHana.

Ha ancke xypHan xpaHuTcs B BUAe (hainnoB PUKCMPOBAHHOIO pasmepa
(06bl4yHO 16 M6aiiT). Korga 3akaHumMBaeTcsi MECTO B Tekyllem chaiine,
cucTeMa nepekioyaeTcs Ha criefyoLwmi.

B onepaTtuBHoOi namATn paboTa € XXYpHa/IoM BEAETCA B CreunasibHbIX
O6yhepax, KOTopble opraHnM3oBaHbl Hanogobue 6ydrepHoro Kelua.



YVeTpoiicTBo XXypHaja

HauHeM TpaH3aKIIHIO.

=> BEGIN;

BEGIN

Teky1ast MO3UIIUA B )KypHaJIe:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/5A1ADE8
(1 row)

LSN BBIBOUTCS KaK fiBa 32-0MTHBIX YKCJIA B IIeCTHAIIATEPUYHON CHCTEME Uepe3 KOCYI0 UepTy.
BEITIOTHUM KaKoe-HUOY/Ib IeHCTBUE, HalIpUMep, U3MEHUM CTPOKY B TabJIuIle:

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

UPDATE 1

VI3sMeHUTCS JIX II03ULYA B )KypHaJIe?

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/5A1D6A8
(1 row)

IMo3urtys yBeJIMYHUIaCh.

3aBepIINM Tellephb TPaH3aKITHIo.

=> COMMIT;

COMMIT

ITosuIys B )KypHaJsle CHOBAa U3MeHUJIach:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/5A1D6D0O
(1 row)

PasMep >KypHaJIbHBIX 3aIIHCel (B 6aifTax), COOTBETCTBYIOIIMX HaIlle TPaH3aKI[UH, MOYXKHO Y3HATh IIPOCTHIM BEIUNTAHUEM OJHOM
TIO3UITUH U3 IPYTOLL:

=> SELECT '0/5A1D6D0O'::pg_lsn - '0/5A1ADE8'::pg_lsn;

?column?

Ee3yCJIOBHO, B JKypHaJI I1o1rmagaeT I/IHCI)OpMaHI/ISI 060 Bcex ﬂeﬁCTBHﬂX BO BCeM KJiaCTepe, HO B JaHHOM CjIydae MBI CUYHUTaeM, 4TO B
Halleu cucreMe 60JIbIIIe HUYETo He IIPOUCXOOHUT.
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KOHTpO/bHaA To4vka Posigres

TTporiecc mepuoanUuecKoro coOpoca rpsi3HbIX CTPAHUI] Ha TUCK

OrpaHuurBaeT KOJIMUeCTBO >KypHa/IbHbIX 3alliceH,
He0bOX0IUMBIX /ISl BOCCTAHOB/IEHHUS B CTy4ae cbost

HauaJ/io KOHTpOJ'[bHOﬁ TOUYKH: ITOMEUAIOTCA I'PA3HbIE CTPAHULIBI B 6y€bepHOM Kelie

17

Ecnv He npeanpuHATL cneuuasnbHbIX Mep, TO aKTUBHO UCMOMNb3YHLLAsICS
CTpaHuua, nonas B 6ydepHblli Kell, MOXET HUKOrAa He BbITECHATLCS. DTO
O3HavaerT, UTo Npu BOCCTAHOB/IEHWM Noc/e c605 NPUAETCs NpocMaTpmBaTh
BCe XypHaslbHble 3an1cu, Co3flaHHbIE C MOMEHTa 3anycka cepBepa.

Ha npakTuke 310, KOHEUHO, HeaoNyCTMMO. Bo-nepBbIx, daii/ibl 3aHUMaloT
MHOIO MecTa — WX BCe NpUAeTCs XpaHUTb Ha cepBepe. Bo-BTOpbIX, BpeMs
BOCCTAHOB/IEHUS BYaEeT 3anpeaenbHO 60/bLNM.

[Mo3TOMYy CyLLecTBYET cneunasibHblii 0OHOBLIM MPOLECC KOHTPO/bHOMN
Toukm (checkpointer), KoTopblil Nnepnognyeckn copacbiBaeT BCe rPA3HbIE
CTpaHuLbl Ha ANCK (HO He BbITECHAET X 13 Kewa). locne Toro, Kak
KOHTPO/IbHaA ToYKa 3aBepLUeHa, XypHasbl BNAOTb 40 HaYasia KOHTPOJIbHOWA
TOYKM BONbLLE HE HYXHbI /19 BOCCTAHOB/IEHUA.

[PA3HbLIX CTPaHNL, MOXET oKa3aTbCs MHOTO, U copacbiBaTb UX O4HO-
MOMEHTHO Ha ANCK — nsioxasa naes. NoatoMy B Havase BbINOSIHEHWS
KOHTPOJ/IbHOM TOYKN B 3arosioBKax rpsidHbIX 6ychepoB cTaBUTCA
crneunasbHblin donar, KOTopblii TOBOPUT O TOM, YTO B XOA€ BbINO/THEHWS
TeKyLLe KOHTPONIbHOW TOUKM JaHHas cTpaHuua Ao/mKHa ObiTb COpoLLeHa.
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KOHTpO/bHaA To4vka Posigres

MoMeYeHHbIe CTPaHULIBI TOCTEIEHHO 3allrMChIBalOTCH,
roMeTKa yourpaeTcst U3 3aroyioBka oydepa

cran
PA3HbBIM
nocse Hauana
KOHTPO/IbHOW
TOUKN

4 L

[Tocne 3aBepiieHNsI KOHTPOIBHOM TOUKH >KYPHAJIbHbIE 3allvCH,
TIpe/IeCTBYIOIME ee Hauasly, MOTYT ObITh y/a/ieHbl
18

3arem npoLecc KOHTPOSIbHOW TOYKM r1ocmerneHHO NPOXoAuT Mo BCEM
O6ychepam 1 copacbiBaeT NOMeYEHHble CTpaHuLUbl Ha auck. Eule pas
OTMETMM, YTO CTPaHuLbl HE BbITECHAIOTCS M3 KeLla, a TO/IbKO
3anuncbiBatoTcs. Mo3aToMy KOHTPO/IbHASA TOYKa He obpallaeT BHUMaHWS
Ha 4Yncno obpauleHnii K bydpepy 1 NpusHak 3akpenseHHOCTH.

KoHeuHo, B npouecce paboTbl NpoLecca KOHTPO/IbHOM TOUYKM CTPaHMULbI
NpoAo0/KaT N3MEHATLCA B OydhepHOM Kelle. Ho HoBble rpsidHble Bydepbl
y)XXe He paccMaTpuBaKTCS MPOLLECCOM KOHTPO/IbHOI TOUKK, TaK KakK Ha
MOMEHT Hauyana paboTbl OHW He Obl/IN TPSA3HBIMU 1 HE OTMEY€eHbl (1aroM.

B koHLUe paboTbl Npouecc co3faeT XypHasibHYH 3anncb 06 OKOHYaHUM
KOHTPOJIbHOW TOYKM U coxpaHseT LSN ee Havana, 4tobbl npu
HEO6X0AMMOCTN MOXHO 6bl/10 BLICTPO HANTU NOCNEAHIOK 3aBEPLLEHHYH
KOHTPOJIbHYHO TOUKY.

Mocne 3Toro cepBep MMEET NPaBo YAa/IUTb BCE XYPHasIbHbIE 3aMncy,
npeLwecTByOLWMe Havasly TONbKO YTO 3aBEPLUEHHO KOHTPO/IbHOWN TOUKN.



KoHTpoJIbHasE TOUKa

Cetiuac B 6ydepHOM Kellle HaXOAUTCS HECKOJIBKO I'PI3HBIX OydepoB:

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

KoHTpoJ/ILHAs TOYKA BBIIIOJIHSIETCS CEPBEPOM IIEPHUOAHUYECKH, HO €e MOKHO BBI3BaTh U BPYUYHYIO.
=> CHECKPOINT;

CHECKPOINT

TI0CKOJIBKY 110 YMOJTYaHHUI0 6Y$epHEBIN Kelll IMeeT HeGoJIbIIOH pa3Mep, KOHTPOJIbHAS TOUKa BEIIIOIHIETCS 09eHb GhIcTpo. Ho B
PeabHBIX CHCTEMAX, UCIIOJIb3YIOIINX GOJIBII0N GYepHBIH Kelll, 3T0 MOXKET 3aHUMATh CYL[eCTBEHHOE BPEMSI.

CKOJIbKO IpsI3HBIX 6ydepoB ocTaHeTcs B 6y$pepHOM Kelle?

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

Hu opHoOro. X0T$, ecytu 651 B Halllel cucTeMe O6bliIa KaKasi-TO aKTUBHOCTB, TpsI3Hble 6y¢epsl — IT0SIBUBIITHECS yoKe II0c/Ie Havasa
KOHTPOJIbHOM TOYKH — MOIJIH 6BI OCTaThCS.
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BoccTaHOB/1eHue Pos{gres

ITpu crapre cepBepa nocsie cbost

1. Havitu LSNj Hauasia moc/ieZjHel 3aBepLLIeHHON KOHTPOIbHOW TOYKH

2. IPUMEeHUTh KXY 3aIiCh )XypHasa, HaurHas ¢ LSNy,
ecyii LSN 3arvicu 6osbiite, uem LSN cTpaHUIlbI

3. obopBaTh HauaTkle, HO He 3a)MKCHPOBAHHbBIE TPaH3aKLIUU
4. OUUCTUTb HEeXXypHa/IMpyeMble TabmuLibl
5. BBINOJIHUTH KOHTPOJIbHYIO TOUKY

Ha4vaso
BOCCTaHOB/1EHUA

HeobxoanMble dhalinel XypHana

1(
@ : ® i » xid

KOHTPO/IbHAasA Touka KOHTPO/IbHAs Touka c6oi

20

Ecnu B paboTe cepBepa npousollesn c60ii, To Npu NocseayoLem 3anycke
npotiecc startup o6HapyXMBaeT 3TO U BbINO/HAET aBTOMaTUYEeCcKoe
BOCCTaHOB/IEHME.

CHavana npouecc startup onpeaensietr LSN, Hauana nocnegHein

3aBepLUEHHOI KOHTPO/IbHOM TOYKWU. [anee NpoLecc YnTaeT XypHasibHble
3anncuy, HaunHas ¢ HaliIeHHOW No3uLMK, NocneaoBaTe/IbHO NPUMEHSIS
3anucy K cTpaHuuam, ecivm B 3TOM eCTb HEOBXOAMMOCTb.

UTOObI MOHATL, HY>KHO N1 MPUMEHATL XYPHasIbHYI0 3aMuCb K CTpaHuLe,
Haao cpaBHUTL LSN nocnegHero nsmeHeHus ctpaHumubl (KOTopblii npu
NO6bIX N3MEHEHNAX 3anNnCbIBAETCA B ee 3arofioBok) ¢ LSN XypHasibHOW
3anucn. Ecnu LSN cTpaHuubl OKa3biBaeTCcA MeHbLUe, TO onepaluio
Heobxo4uMOo NOBTOPUTb.

Takum 06pa3om BOCCTaHaB/IMBAETCA COr1acoBaHHOCTb AaHHbIX BO BCEX
cTpaHuyax. Bce TpaH3akumu, KOTopble 6blN HayaTtbl, HO He
3aoMKCMpPOBaHbl, TPAKTYIOTCA Kak 060pBaHHbIE.

B KOHLe npoLiecca BCce HeXypHa/IMpyeMble TabuLbl O4MLLAKTCS, NOCKONbKY
NX COIEPXMMOE KOPPEKTHO BOCCTAHOBUTL HEBO3MOXHO.

Ha aTtom npouecc startup 3aBepluaet paborty, a npouecc checkpointer
BbIMOJTHAET KOHTPO/IbHYIO TOUKY, UTOObI 3addUKCMPOBATL BOCCTAHOB/IEHHOE
COCTOSIHME.
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PeXXuMbl XXypHa/IMPOBaHNA  Posigres

CHHXPOHHBIU
cOpoC KypHa/IbHBIX 3aITMCel Ha JUCK TIPU KaXKI0M (pukcaruu

rapdHTUPYeTCA OO0JIITOBEUYHOCTb
YBEJ/IMUNBAETCS BpeMs OTK/IMKA

ACUHXDPOHHBIU
cOpOC )KypHa/IbHBIX 3aITMCel TTPOMCXOAUT MePUOANUECKU

rapdHTUPYyeTCA COI/iaCOBAHHOCTb, HO HE A0/ITOBEYHOCTDb
HeaIaBHO BBCIJI/IKCI/IPOBHHHLIG HN3MeHeHMs MOI'YT IMIpOIacTb

Hactpoiika

synchronous_commit = on/ off MOXHO
N3MEeHATb Ha ypoBHe
TpaH3akumn

21

3anuch XypHana npoucxoauT B 0IHOM M3 ABYX PEXMMOB.

B CMHXPOHHOM pexume npu onkcaumm TpaH3akLum NPoAo/IKeHNe padoThl
HEBO3MOXHO [0 TeX Mop, Noka BCe XYypHaslbHble 3anucu, oTHocsLmecs
K 3TOW TpaH3aKLUun, HEe OKaXYTCsl Ha ANCKe (3HEProHe3aBMCMMOM HOCUTENE).

MpY CUHXPOHHOW 3anuncuK rapaHTUpyeTca AONTOBEYHOCTb — eC/n
TpaH3akuma 3adoMKcupoBaHa, To BCe ee XypHasibHble 3anucu yxe Ha gucke
N He ByayT notepsHbl. ObparHasd CTopoHa COCTOUT B TOM, YTO CUHXPOHHAsA
3anucb yeenundmsaet Bpemsa oTkmka (komaHga COMMIT He Bo3Bpallaet
ynpas/ieHne 40 OKOHYaHUA CUHXPOHM3aLUMK) U NO3ITOMY CHUXKaET
NpPon3BOAUTENTIBHOCTbL CUCTEMBI.

B aCUHXPOHHOM peXxunmMe XypHas 3anMcbiBaeTcsl YacTsiMUM B ()OHOBOM
pexume.

ACUHXPOHHaA 3anucb apdekTUBHEE CUMHXPOHHOW. Bo-nepBbIX, diukcaums
N3MEHEHWI He [O/MKHA HUYero XAaTtb. Bo-BTOPbIX, Npy Kax4on 3anucu
Ha OMCK 06pabaTbiBalOTCA BCE HAKOMUBLUMECSH XYPHasIbHbIE 3anNncu u,
Taknm 06pa3oM, YMEHbLLAETCA YNC/I0 N3ObITOUHbIX OOPALLEHNIA K AUCKY.

OpfHaKo HafeXHOCTb YMEeHbLUAETCA: 3apUKCMpPOBaHHbIE AaHHble MOTYT
nponacTb B c/lyyae cbos, ecnu mexay dunkcaunen n cboem npoLuno He
O4YeHb MHOI0 BPEMEHMN.

MapameTp synchronous_commit, ynpasnsowmii peXxxMMmom 3anncu XypHana,
MOXHO yCTaHaB/IMBaTb He TOJIbKO M106a/1bHO, HO M B paMKax OTAesIbHbIX
TpaH3akuuin. 310 NO3BONSAET YBE/IMUMBATL NPON3BOANTE/ILHOCTb, XXEPTBYS
Ha4EeXHOCTbIO TO/TIbKO YacTu TpaH3akKuuii.

https://postgrespro.ru/docs/postgresgl/16/wal-async-commit



https://postgrespro.ru/docs/postgresql/16/wal-async-commit
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Toru Posygres

BydepHbIi1 Kelll yCKopsieT AOCTYN K 4aCTO UCTOIb3yeMbIM
JAHHBIM (HO He pelllaeT BceX Mpob/ieM Mpor3BOAUTETbHOCTH)

Vcronib3oBaHue OydhepoB B oriepaTUBHON MaMsATH
MPUBOJIUT K HEOOXOAUMOCTH >KyPHATUPOBaHUS

[TpoLiecc KOHTPOBHOM TOYKW OTPaHUYMUBAET pa3Mep XpaHUMBIX
JKyPHaJ/IbHBIX (DaiiJIOB Y COKpalaeT BpeMsI BOCCTAHOBJIEHUSI

)KypHaJI He TOJIBKO IT03BOJIsseT BOCCTAHOBUTL COITIACOBAHHOCTD
rnocrie C60€B, HO MOXeT HCIIO0/Ib30BaTbCA U AJ1d APYTUX 3a/ida4d

22
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[1pakTuka Pos{gres

1. Bocronb3yliTech pacimivpeHreM pg_prewarm, 4To0bl
aBTOMaTUueCKH BOCCTAHAB/MBATh cofiepkumoe OydepHoro Keiiia
rocJie Tiepe3arpy3Ku cepBepa.

[TpoBepbTe U 3aTeM OTK/IFOUMTE paclIMpeHue.

2. CospaiiTe Tabnuily ¥ BCTaBbTe B Hee CTOBKO CTPOK, UTOOBI
ee 00beM COCTaBJIsI IPUMEPHO TOJIOBUHY OT 06beMa OydepHOoro
kema. [Tepe3arpy3ure cepBep, YT00bI OUUCTUTH Kelll.
BBITIOTHUTE 3aMpPOC Ha YT€HHe BCeX CTPOK TaOJTHULIBI U TTOCIe
3TOTO MPOBEPLTe, CKOMBKO Oy(hepoB B Kellle CofiepKaT CTPAHHLIBI
5ToM Tabsuibl. OOBSICHUTE pe3y/ibTart.

3. CpaBHUTe IPOU3BOAUTEIBHOCTb CUCTEMBI IIPU CUHXPOHHOM
Y aCUHXPOHHOM pe)XUMax (PUKCaL1H, UCII0/Ib3Ys YTUIUTY
5Ta/IOHHOTO TeCTUpOBaHUs pgbench.

23

1. Ana aToro notpedyerca Ao6aBUTb paclumpeHne pg_prewarm
B 3arpy>xaemble 61UbmoTekn:

ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
N 3aTeM nepesarpysuTtb cepsep.
https://postgrespro.ru/docs/postgresqgl/16/pgprewarm

2. Ana aHanusa ncnonb3yinte pacwmpeHne pg_buffercache, nokaszaHHoe
B A€MOHCTpauun.

3. NHnumanuaunpyinTe TectoBble Tabnuupl, Bbi3BaB pgbench ¢ K14oMm -i.

3ateM BbINOMHSTE 3TasIOHHbIV TECT B OAHOM M APYrOM pexmmax Ha
MPOTSHKEHUN HEKOTOPOro BPEMEHMN.

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



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

1. IIporpes Kelra ¢ IOMOIIBI0 Pg_prewarm

PacmupeHye He06XOAMMO J06aBUTH B 3arpy’kaeMble GHUOIMOTEKH U ITepe3allyCTUTL CepBep:
=> ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

Cosgazgym TabIUIly C JaHHBIMU:

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(1,10_000) id;
INSERT 0 10000

[IpoBepyM HaJIU4He CTPaHHUIL B 6y$pepHOM Kellle:

=> CREATE EXTENSION pg_buffercache;

CREATE EXTENSION

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

Ilepe3arycTUM CepBep.

student$ sudo pg_ctlcluster 16 main restart
ITpoBepuM 6ypepHBIN Kell:

student$ psql arch_wal

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

Bce cTpaHUIBI GHUIN aBTOMATHYECKH 3aTPY>KeHbI B 6yQepHBII Kelll IIPH CTapTe CepBepa.
OTKJTIOYKM pacIIupeHUe.

=> ALTER SYSTEM RESET shared_preload_libraries;

ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

2. MaccoBoe BbhITECHEHHE

student$ psql arch_wal
Pasmep 6ydepHOro Kemia:

=> SHOW shared_buffers;



shared buffers

B cosmanHOM Tabsure 10 THICIY CTPOK 3aHUMAIOT:
=> SELECT pg_size_pretty(pg_table_size('t'));

pg size pretty

Jlo6aBHM ellle CTPOK TaK, UTOGH! YBEJHYUTD pasMep TabJINIEI IPHIMEPHO /10 TOJIOBHHEI 6YpepHOro Kerra:

=> INSERT INTO t(n) SELECT id FROM generate_series(1,2_000_000) id;

INSERT 0 2000000

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

pg size pretty | pages

IlepesarpysuM cepsep.

student$ sudo pg_ctlcluster 16 main restart
student$ psql arch_wal

BEITIOJTHUM 3aIIpOC, YUTAIOIIH BCe TabIUUHBIE CTPAHUITHL:

=> SELECT count(*) FROM t;

2010000
(1 row)

B 6ydepHOM Kellle JaHHBIe Tab/IMIIBI 3aHUMAIOT BCETO:

=> SELECT count(*)
FROM pg_buffercache

WHERE relfilenode = pg_relation_filenode('t'::regclass);

9To paboTaeT MeXaHH3M, 3aIIUIIAIOIINE 6ydePHBIH Kelll 0T MaCCOBOT0 BEITECHEHUS «OJJHOPa30BBIMU» JaHHBIMH, KOTOpBIE BPSIZ
JIV TIOHAZ06STCS CHOBA. OH JIeMCTBYeT IIPH IT0JHOM CKaHHPOBAHUH GOJIBINKX TAGIMII, OYHCTKe H T. II. TaKue oIepariuy
HCIIOJIB3YIOT TOJIBLKO HeGOJIBINYIO YacTh Kellla (Tak Ha3bIBaeMoe 6ydepHoe KOJIbIIO).

3. 3aBHCHMOCTH IPOM3BOAUTEIHFHOCTH OT pesKuMa puKcanuu

VHHITHAIUSHPYEM TeCTOBBIE TaGJIUIIbL:
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 (client-side)...

100000 of 100000 tuples (100%) done (elapsed 0.09 s,

vacuuming. ..
creating primary keys...

remaining 0.00 s)

done in 0.69 s (drop tables 0.00 s, create tables 0.06 s, client-side generate 0.27 s,

vacuum 0.13 s, primary keys 0.24 s).

CUHXpOHHAsI QUKCAITHs BKIIOYeHa:



=> SHOW synchronous_commit;

synchronous commit
on
(1 row)

3amyckaeM sTanoHHBIN TecT TPC-B Ha 30 cekyHp:
student$ pgbench -T 30 arch_wal

pgbench (16.9 (Ubuntu 16.9-1.pgdg24.04+1))
starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 3638
number of failed transactions: 0 (0.000%)
latency average = 8.245 ms

initial connection time = 6.094 ms

tps = 121.279773 (without initial connection time)

ITokasaTesb — KOJIMYECTBO TPaH3aKIUU B CeKYHAY (tps).
BhIKJIIOYaeM CHHXPOHHYIO QUKCAITHIO:

=> ALTER SYSTEM SET synchronous_commit = off;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf

IToBTOpPSIEM TECT:
student$ pgbench -T 30 arch_wal

pgbench (16.9 (Ubuntu 16.9-1.pgdg24.04+1))
starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 86392
number of failed transactions: 0 (0.000%)
latency average = 0.347 ms

initial connection time = 4.683 ms

tps = 2878.842332 (without initial connection time)

YUCI0 TPaH3aKI[UI B CEKYH/Y 3aMeTHO BHIIIE. YCKOpeHHe, KOHEUHO, 3aBUCUT OT THIIA HaTPY3KH U XapaKTePUCTUK
060py0BaHUs.

BoccTaHOBHM 3HaYeHHe ITapaMeTpa 10 YMOTIaHHUI0:
=> ALTER SYSTEM RESET synchronous_commit;
ALTER SYSTEM

=> SELECT pg_reload_conf();

pg_reload conf



