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OTKa3 OT OTBETCTBEHHOCTHU

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



Tembl Pogga’?é%

YcrpoiicTBo OydhepHOro Keiiia
ANrOpUTM BBITE CHEHUS
JKypHas nipeasanvcu
KoHTponbHast TouKa

[Tporjeccel, cBsizaHHbIe ¢ OydepHbIM KellleM U >KypHaIoM



o)) PROFESSIONAL

ByhepHbIn KelL Posigres

PostgreSQL
Maccus 6ydhepoB Sostmaster 9
cTpaHuLia JaHHbIX (8 Kbaiir) P e
J0T. MH(OopMaLys backend : * *
— thdHoBbIE npoLeteb
«['psi3HbIe» Oydepsl
rPA3HbIV
aCUHXPOHHas 3alrcCh ElelLE) L / 6V¢EP>
syspepnis ew( I IIIE Dﬁ
BJ'IOKI/IPOBKI/I B ITaMATHU
JUIsI COBMECTHOI'O JOCTyIa [¥ oc
[ Kewl j
A
@ @

ByhepHblin Kell ncnonb3yeTca A5 CrinaxmnsaHUsa CKOpoCcTU paboThl
onepatvBHOM NamMAaTK U ANCKoB. OH COCTOUT N3 MaccuBa bydpepoB, KOTopble
cofepxar CTpaHuLbl AaHHbIX Y AONOMHUTE/bHYI0 MHGOpMauMto (Hanpumep,
NMs hainnia n NoNoXeHne CTpaHnLbl BHYTpUY 3TOro doanna).

Pa3mep cTpaHuLbl 06bI4YHO cocTaBnseT 8 K6anT; pasmep MOXHO U3MEHUTb
TOMIbKO Npun cbopke PostgreSQL.

JTto6asa paboTa co cTpaHnuammn gaHHbIX NPOXOAUT Yepes bydiepHbIil KeLl.
Ecnn kakoin-nnbo npouecc cobupaeTcs pabotarb CO CTpaHULEA,

OH B NepBYI0 oyepepb NbiTaeTCA HalNTKN ee B Kewe. Ecnun cTpaHuubl HeT,
OH Oo6pallaeTcs K onepaunoHHOM CUCTEME C NPOCLOOI NpoYnTaTh 3Ty
CTpaHuLly 1 nomewaet ee B bydhepHbiii kew. (ObpaTnte BHUMaAHME, YTO
OC MOXEeT npouynTarb CTPaHWLYy C OUCKa, a MOXET OOHapPYXUTb ee

B COGCTBEHHOM Kelle.)

[Mocne Toro, Kak cTpaHuua 3anncaHa B ydpepHblil Kell, K Hell MOXHO
obpalaTtbcs MHOroKpaTHo 6e3 HaknafHbIX pacxogoB Ha Bbi3oBbl OC.

Ecnv npouecc 3MeHUN AaHHble B CTPaHWLE, COOTBETCTBYIOLNI Bydhep
CTaHOBUTCSH «IPA3HLIM». /I3MEeHeHHas CTpaHuLa NOANEXNUT 3anncu Ha AUCK,
HO MO COOBPAKEHNAM NPON3BOANTENBHOCTM 3aNUCh NPOUCXOAUT
ACUHXPOHHO N MOXET OTK/1aAbIBaThCS.

ByhepHblin Kewl, Kak n Apyrve CTPYKTYpbl 06Leln namaTu, 3almiuleH
61okuMpoBKaMn AN ynpasneHns OAHOBPEMEHHbLIM AOCTYNOM. XOTS
G/1OKMPOBKN 1 peasin3oBaHbl 3PdEKTUBHO, AOCTYN K 6ydpepHOMY KeLly
[aneko He Tak ObICTp, Kak NpocToe obpalleHne K onepaTtvBHOM NaMsTL.
[MoaToMy B 06LEM C/lyyae YeM MeHbLUE AaHHbIX YATaeT N N3MEHSET
3anpoc, Tem bbiCTpee OH ByaeT paboTarts.
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Pasmep 6ydepHOro Kellia 06bIYHO He TakK BeNUK, YToObl 6a3a AaHHbIX
nomeLanach B Hero UesimkoM. Ero orpaHnMumBaroT 1 AOCTYMNHas
onepaTtuBHasi NamsiTb, U Bo3pacTatoLme Npu ero yBesiMYeHun HaknagHble
pacxofbl. [M03TOMY NpKU YTEHUN OYepPeHOI CTpaHWLbl paHO UK NO3AHO
OKaXeTcsl, UTO MecTo B OychepHOM Kellle 3aKOHYMIoCk. B aTom cnyyae
NPUMEHSIETCS BbIMECHEHUE CTPaHWLL.

ANropuTM BbITECHEHMS BbIOMpPAET B Kelle CTpaHuLy, KoTopas B nocreaHee
BPeEMS UCMNOMb30Baslacb pexe Apyrux. Ecnv BelbpaHHblin 6ydhep okasascs
[PA3HbIM, CTPaHULa 3anncbiBaeTcsa Ha ANCK, YTOObI HE MOTEPATb CAeNaHHble
B Heil uIsMeHeHus. 3aTteM B 0CBOGOAMBLUNINCA Bydhep untaeTcs HoBas
cTpaHuua.

Takol anropuTm BbITeCHEHUS Ha3biBaeTcss LRU — Least Recently Used.

OH coxpaHsieT B Kelle AaHHble, C KOTOPbIMM MPOUCXOANT akTUBHasA pabora.
Taknx «ropsvnx» faHHbIX 00bIYHO HE C/IULLKOM MHOTO, Y NPY A0CTaTOYHOM
06beme By(pepHOro KeLla noyyaeTcs CyLecTBEHHO COKPaTUTb KONMYeCTBO
o6pauleHnin K OC (U ANCKOBbLIX onepauunii).



Biausinue 0y(depHOro Keiia Ha BbINO/IHEHHUE 3alIPOCOB

=> CREATE DATABASE arch_wal_overview;

CREATE DATABASE

=> \c arch_wal_overview

You are now connected to database "arch wal overview" as user "student".
Co3pgapuM TabnuILy:

=> CREATE TABLE t(n integer);

CREATE TABLE

3amoTHuM Ta61muy HEKOTOPBIM KOJINYECTBOM CTPOK:

=> INSERT INTO t SELECT id FROM generate_series(1,100000) AS id;
INSERT 0 100000

Pasmep 6ydepHoro Kema noka3sBaeT mapamerp shared buffers:

=> SHOW shared_buffers;

shared buffers

3HaYeHue 110 YMOJITUAHHUIO CIIUIIKOM MaJIo; B JII00OU peayibHON CHCTeMe ero TpeOyeTcsl yBeIUYUTh CPa3y I0CIIe YCTAHOBKHU
cepBepa (U3MeHeHue TpebOyeT Iepe3anycka).

Teneps epe3anycTuM cepBep, YTOOH cogepkuMoe 6ydepHoro Kelra cOPOCUIOCE.
= \q

student$ sudo pg_ctlcluster 16 main restart

student$ psql arch_wal_overview

CpaBHHUM, YTO IPOUCXOAUT IIPU II€PBOM U IIPXU BTOPOM BHIIIOJTHEHUU OOHOTO M TOTO Ke 3alpoca. B 3TOM Kypce MHI He
paccMmatpuBaeM nogpo6GHO IINTaHEL 3alIPOCOB, HO MHOTAa OyOeM B HUX 3arisgbsiBaTh. Celuac MBI BOCIIOIL3yEMCS KOMaHI Ol
EXPLAIN ANALYZE, KoTOpas BHEIIIOJHSET 3alIPOC U BBIBOOUT HE TOJIBKO IIJIaH BHIIIOJTHEHUS, HO U OOIOJIHUTEIBHYIO
nHbOPMAaIHIO:

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

QUERY PLAN
Seq Scan on t (actual rows=100000 loops=1)
Buffers: shared read=443
Planning:
Buffers: shared hit=12 read=8 dirtied=1
Planning Time: 0.296 ms
Execution Time: 11.609 ms
(6 rows)

Ctpoxka «Buffers: shared» mokasriBaeT UCIIOIb30BaHKuE Oy(dEePHOTo Kela.
e read — kKomuuecTBO Gy¢epoB, B KOTOPHIE IPHUIIIOCH IPOYUTATh CTPAHULIEI C UCKA.

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

QUERY PLAN

Seq Scan on t (actual rows=100000 loops=1)
Buffers: shared hit=443

Planning Time: 0.039 ms

Execution Time: 7.300 ms

(4 rows)

e hit — KonmuuecTBO GydepoB, B KOTOPHIX HALIIKUCh HyZKHbIE [JIS 3alIpoca CTPaHUIIH.

O6paTI/ITe BHHMaHHeE, 4YTO BO BTOpOfI Pa3 YMEHBIIUIIOCH U BPEMsI BEIIIOJIHEHHU S 3allpoCa, U BpeMs ero IMiIaHUuPOBaHU A



(moToMy 4TO TAGNIUIEI CUCTEMHOT0 KaTalora TOXe KeIlupyloTcs).
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JKypHan npeasanucu (WAL)  Posggres

[TpoGiema: 1ipu cOoe TepSIFOTCS aHHBIE U3 OTlePaTUBHOM
TIaMsITH, He 3aITMCaHHbIe Ha TUCK

JKypHan
TIOTOK I/IH(bOpMaI_II/II/I O BBITIOJ/IHA€MBIX ﬂeﬁCTBHHX,
I'IO3BOJIHI-OI.HI/Iﬁ HOBTOpHO BBITIO/JIHUTH HOTEPHHHI)IE I'IpI/I C606 onepauHH
3dIMMCh I10I1aJaeT Ha AMCK paHLI_LIe, yeM M3MeHeHHbIe 1aHHbIe

JKypHa 3aituiraer

CTpaHULIbI Tab/uL], UH/IEKCOB U IPYTUX 00bEKTOB
CTaTyc TpaH3akiui (clog)

JKypHas He 3atuiaer

BpeMeHHbIe U He)KypHaIMpyeMble TabULbI

Hannune 6ydepHoro kewwa (1 gpyrmx 6ydepoB B ornepaTtuBHOMN NamaTK)
yBe/IMYNBAET NPOU3BOAUTE/IbHOCTb, HO YMEHbLUIAET HaLEXHOCTb.

B cnyyae c6osa B CYB/, cogepxumoe 6ydpepHOro kewa notepsercs.

Ecnun c6or nponsongeT B ornepaymoHHON cucTeMe Uan Ha annapaTHOM
YpOBHe, TO nponageT cogepxunmoe n bydepos OC (HO ¢ 3TUM crnpasseTcs
cama ornepaumoHHas cuctema).

Ona obecneveHns HagexHocTn PostgreSQL ncnosnb3yeT XypHannpoBaHue.
Mpwv BbINOMHEHUN NGO onepaunn hopMMpyeTcs 3anunchk, cogepxatlas
MVUHMMa/TIbHO HEOBXOAUMYO NHPOPMaLNIo AN TOro, YTobbl onepawmio
MOXHO Obl/10 BbINO/IHATEL MOBTOPHO. Takasa 3anncb AO/HKHA NonacTb Ha AMCK
(M gpyro aHeproHe3aBMCUMbIA HaKoONUTE Nb) paHblle, YeM oyayT
3anucaHbl U3MEHSEMbIe onepaunei AaHHble (MO3TOMY XypHasl

N Ha3bIBAETCA XYpHa/IoM rnpeo3anucu, write-ahead log).

daiinbl XXypHana pacnonaratorcs B katasiore PGDATA/pg_wal.

XXypHan 3awmuaeTt Bce 06beKTbI, paboTa ¢ KOTOpbIMU BeAeTCs
B onepaTuBHOM NamATn: Tabnuubl, MHAEKCHI 1 apyrne 06bEeKTbI, CTaTyC
TpaH3aKLNiA.

B XypHas1 He nonajatoT AaHHble 0 BpeMeHHbIX mab/suyax (Takme Tabnmupl
[OCTYMHbI TOIbKO CO34aBLUeMy UX MoJib30BaTesto U TOSTbKO Ha BpeMs
ceaHca 1NN TpaH3akunn) N 0 HexypHasiupyembix mabsuyax (Takue
Tab/MLbl HAYEM He OT/INYAKTCA OT 0ObIYHbIX, KPOME TOro, YTO He
3alMLLEeHbl XXypHasiom). B cnyyae c605 HeXypHanmpyemble Tabnuubl
MNPOCTO OYULLIAKOTCA, 3aTO paboTa C HAMU MPOUCXOAUT BbICTpeEE.

https://postgrespro.ru/docs/postgresqgl/16/wal-intro




2KypHai npeg3anucu

Jlorudyecku XypHaa MOXKHO IIPE[CTaBUTh B BUIE HEIIPEPLIBHOTO IIOTOKA 3anuceii. Kaxmas 3anuch UMeeT HOMED,
uaseBaeMriit LSN (Log Sequence Number). 9T1o 64-pa3pspHoe YHUCIIO — CMelleHue 3amucy B 6aliTax OTHOCUTEIPHO Hadasa
KypHaJsa.

Tekymiyio mo3uIIKIO TOKa3kBaeT GyHKIHUA pg current wal lsn:
=> SELECT pg_current_wal_lsn();

pg_current_wal_lsn

2/2ACDFB50
(1 row)

ITo3unus 3anuceBaeTCsa Kak [ABa 32-pa3psfHBIX YKCiIa Yepe3 KOCYylo YepTy. 3allOMHUM 3TO 3Ha4YeHUe.
BBIIOSTHUM Teneph KaKue-HUOyOb OIepaluy ¥ IOCMOTPUM, KaK U3MEeHUIIach TO3ULIU.

=> UPDATE t SET n = 100001 WHERE n = 1;

UPDATE 1

=> SELECT pg_current_wal_lsn();

pg_current wal 1sn

2/2ACE2B80
(1 row)

HHTepecHB He aGCOIOTHBIE YKCIIa, @ UX Pa3HKIla, KOTOpas MOKa3biBAaeT pa3Mep CreHepUPOBAHHEBIX KYPHAIbHEIX 3alUCe B
GaiTax:

=> SELECT '2/2ACE2B80'::pg_lsn - '2/2ACDFB50'::pg_1lsn AS bytes;

Qdu3nyecKy XKypHal XpaHUTCs B (daitnax B ormenbHoM KaTtanore (PGDATA/pg wal). ITo ymonuanuio ¢alnsl UMeIOT pa3Mep
16 MbaiiT, 3agaTh OPYrod pa3Mep MOXKHO IIPU WHUITHANIN3AUNH KiacTepa 6a3 JaHHEBIX.

Ha ¢aiinbl MOKHO B3T/ISIHYTh He TOIBKO CpefcTBaMyu GaliyioBoM CHCTEeMBbI, HO U C IIOMOIIbI0 QYHKITNHN:
=> SELECT * FROM pg_ls_waldir() ORDER BY name LIMIT 10;

modification

I I
+ +
00000001000000020000002A | 16777216 | 2024-01-18 12:40:29+03
00000001000000020000002B | 16777216 | 2024-01-15 12:03:35+03
I I
I I
I I
I I
| I

00000001000000020000002C | 16777216 | 2024-01-15 12:03:37+03
00000001000000020000002D | 16777216 | 2024-01-15 12:03:38+03
00000001000000020000002E | 16777216 | 2024-01-15 12:03:36+03
00000001000000020000002F | 16777216 | 2024-01-15 12:03:37+03
000000010000000200000030 | 16777216 | 2024-01-15 12:03:36+03

(7 rows)
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KOHTpO/bHaA To4vka Posigres

[Teproanueckuii cOpoc Bcex rpsi3HbIX OydepoB Ha AUCK

rapaHTHpYyeT IoMaZiaHue Ha JUCK BCeX W3MeHeHHH /10 KOHTPOJIbHOM TOUKU
OorpaHMUMBAeT pasMep >KypHasia, Heo6X0UMOTo /Jisi BOCCTaHOBJIEHHUSI

BoccraHnoBnenue rpu cooe

HaUMHAEeTCHd C HOCJIE,Z[HEFI KOHTpO]ILHOﬁ TOYKH
rocje0BaTe/IbHO ITPOUTPBIBAIOTCA 3alllCH, €C/Ih M3MEHEHUM HeT Ha JHUCKe

Ha4yano
BOCCTaHOB/1IEHUA

HeobxoanMble dhalinbl XypHana

’/ .
@ t @ t » Xid
KOHTPO/IbHas Touka KOHTpO/IbHas TOUKa c6oi

Korpga cepsep PostgreSQL 3anyckaetcs nocsie cb6osi, OH BXOAUT B PEXNUM
BOCCTaHOB/IeHNA. NHhopMauusa Ha AncKe B 3TO BPeEMS Hecor/lacoBaHHa:
N3MEHEHUSA «TOPAYMX» CTPaHUL, Nponasin, NOCKOJIbKY 3TU CTPaHULbl BCe
elule HaxoaAunnchb B Kelle, XOTs apyrue, 6onee nos3gHMe N3MeHeHus yxe
ObINN COPOLLEHbI HA AUCK.

UTo6bl BOCCTAHOBUTbL COr/lacoBaHHOCTb, PostgreSQL untaet xypHan WAL
N nocnenoBaTenlbHO NPOUTPLIBAET KaXAYH XYPHaUIbHYI0 3annch, ecrv
COOTBETCTBYIOLLLEE U3MEHEHME He MOonasio Ha ANCK. Takum obpasom
BOCCTaHaB/IMBaeTCs paboTa BCcexX TpaH3akuuii. 3aTemM Te TpaH3akuuu,
3anuncb 0 hrkcaumm KOTOpbIX He ycnesa rnonacTb B XXypHasl, 06pbiBaOTCA.

OpaHako 06beM XypHasia 3a Bpemsi paboTbl cepBepa Mor 6bl AOCTUTHYTb
FMraHTCKMX pa3mepoB. XpaHUTb ero LesinkoMm 1 LesimkoM npocmarpmseaTb
nNpun c60e CoBEpPLLUEHHO He peanbHo. NMoatomy CYB/[, nepnoanyecku
BbIMO/IHAET KOHTPOJIbHYIO TOUKY: NPUHYAMUTENIbHO cOpacbiBaeT Ha AUCK BCce
rpssHble 6ydepsl (BkAOUasa 6ydepsl clog, B KOTOPbIX XPaHUTCA COCTOSIHUE
TpaH3aKunin). 3TO rapaHTUPYET, YTO N3MEHEHNSA BCEX TPaH3aKUWi A0
MOMEHTa KOHTPO/IbHOM TOYKN HaXOASATCA Ha AMCKe.

KOHTpO]’IbHaﬂ TOYKa MOXET 3aHMMaTb MHOIO BpEMEHN, N 3TO HOPMaJTIbHO.
Co6CTBEHHO «TO4YKa», O KOTOpOI7I Mbl TOBOPUM KaK O MOMEHTE BpPpEMEHN —
3TO Ha4aJ10 lnpouecca. Ho Touka cumTaeTcs BbINOSIHEHHOI TO/ILKO Noc/ie
TOro, Kak 3armncaHbl BCe rpsda3Hble 6beepr, KOTOpPblE NMESTNCb HA MOMEHT
Ha4dasla npouecca.

BoccTaHoBNeHWe nocne c60s HaunHaeTcs ¢ Gnmxanien KOHTPOIbHOWN
TOYKW, YTO MNO3BOMSAET XPaHUTb TOMLKO (halinbl XypHana, 3anMcaHHble
C MOMEHTa nocneaHel NOHOCTbIO BbINOSIHEHHON KOHTPO/IbHOM TOYKMN.



BoccTraHOB/IeHHE IPHU MOMOIIH XXYypPHaia

V3MeHeHHbIE TaOJIUYHBIE CTPAHUIIEL HaXOOSATCS B Oy(epHOM Kellle, HO ellle He 3alucaHbl Ha QUCK. [Ipu 0GBIYHOM OCTaHOBKE
CepBep BHIIONHSIET KOHTPOJIBHYIO TOUKY, YTOOHI 3alMCaTh BCE I'PSI3HBIE CTPAHUILEI Ha JAUCK, HO MBI CHIMUTUDPYeM CO0i
CHCTEMEI, TIOCJIaB CUTHAJI IPoIleccy postmaster.

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

15306

student$ sudo kill -QUIT 15306

Ipu cTapTe IPOW30UAET BOCCTAHOBIEHNE COTIaCOBAaHHOCTH [AaHHEIX C IIOMOIIBIO XKypHana. [Iposepum:
student$ sudo pg ctlcluster 16 main start

student$ psql arch_wal_overview

=> SELECT min(n), max(n) FROM t;

min | max
_____ .

2 | 100001
(1 row)

Bce u3MeHeHUs OBLTH BOCCTAHOBIIEHEL.

PostgreSQL AaBTOMATHUYECKH yaasnsgeT KypPHaJIbHbIe (1)&1711'[51, HEe Tpe6yIOH.[I/IeCH 7151 BOCCTAHOBJIEHUSI, I10CJI€ BBHIIIOJTHEHU A
KOHTpOHBHOfI TOYKH.
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[1pon3BOANTENBHOCTb Posigres

CHHXPOHHBIN peXXUM ostmaster PostgreSQL
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obcmyKuBarompi mponece backend walwriter | | checkpointer
- ]
ACHHXPOHHBIH peXXiM |
(hoHOBas 3amuCh 06Lan namATh
walwriter @ @ ( GychepHbiii Keww )
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cTaryc
TpaH3aKuuii
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MexaHn3M XypHanmpoBaHus 6onee appekTuBeH, yem pabota HanpAMyo
C Aguckom 6e3 6ypepHoro Kewla. Bo-nepsbix, pasmep XypHasibHbIX 3anucei
MeHbLUe, YeM pasmep LeNoin CTpaHuubl AaHHbIX; BO-BTOPbIX, XypHas
3anucbiBaeTcs CTPOro nocnegosaresibHO (M 006bIYHO HE YMTaeTCH, NokKa He
cnyymTcs cbon), ¢ YemM BNOJSIHE CNpaBNATCs npocTble HDD-ancku.

Ha ahhekTMBHOCTb MOXHO TakXe BNNATb HACTPOMKON. Ecnum 3anuch
npoucxoant cpasy (CUMHXPOHHO), TO rapaHTUpPYeTCA, YTo 3athnukcnpoBaHHas
TpaH3akumsa He nponageT. Ho 3anucb — A0BOJMIbHO Aoporasi onepauus,

B TEUEHME KOTOPOW 06CYXMBaOLWMIA NPOLECC, BbINOTHSALWNIA hrKcauuio,
BbIHY)XXAEH XAaTb. UT0ObI XXypHasibHas 3anncb He «3acTps/ia» B Kelle
onepauoHHON CUCTEMbI, BbINO/THAETCHA CUCTEMHbIN BbI30B fsync:
PostgreSQL nonaraetcs Ha TO, YTO 3TO rapaHTUpPyeT nonagaHne AaHHbIX
Ha 3HEeproHe3aBNCUMbIA HOCUTESTb.

[M03TOMY €CTb 1 PEXUM OTNIOXKEHHOI (aCMHXPOHHOW) 3anncu. B aTom cydyae
3anucuy nuwyTcs hoHOBbLIM NpoLeccomM walwriter nocteneHHo, ¢ He6O/bLLOWA
3a/1epXKoii. HaaexXHOCTb YMEHbLLAETCS, 3aTO NPON3BOANTENBHOCTb
yBenuunBaetcs. Ho 1 B 3TOM c/lyyae nocsie cb6osi rapaHTupyeTcs
BOCCTAHOB/IEHME COr/1TaCOBAHHOCTM.

Ha camom fgene oba pexvima paboTatoT COBMECTHO. XKypHasibHble 3anucu
[ONTON TpaH3akumm 6yayT 3anncbiBaTbCs aCUHXPOHHO (YTOObI 0CBOGOANTL
o6ydbepbl WAL). A ecniv npu cbpoce CTpaHuubl AaHHbIX OKaXKeTCs, YTO
COOTBETCTBYIOLLAA XYpPHa/IbHaA 3aMuncChb eLLe He Ha ANCKe, OHa TyT Xe byaer
3anucaHa B CUHXPOHHOM pexunme.
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OCHOBHbI€ npoLecchl Pos{gres

PostgreSQL
3arnuch KYypHaJla postmaster

KOHTp OJIbHAsI TOUKa [U— ez

cbpoc Bcex backend walwriter | | checkpointer | | bgwriter
rpssHbIX Oyhepos —

o6Las namsiTb

@ @ [ 6ychepHbIli kel ]

doHoBag 3arnuch

cObpoc vacTtu
rpsI3HbIX Oydepos

OO6C/Ty>KUBAIOIHe MPOIIeCChI ( e oc

)
cOpOC BBITECHSIEMOTO
rpsasHoro 6ydepa D D @
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BepHemcs elle pa3s K npoueccam, CBA3aHHbIM C 06CNyXnsaHuem
OychepHOro Kela n xxypHasna.

Bo-nepBbIx, 3TO npouecc walwriter, 3aHUMAalLLMIACS aCUHXPOHHO 3anNnChbio
XXypHana Ha auck. Mpu CUHXPOHHOM peXrMe 3anucho XypHana 3aHMmaeTcs
TOT NPOLIECC, KOTOPbII BLIMNOMHAET hrKCALMIO TPAH3aKLUN.

Bo-BTOpbIX, NpOLEcc KOHTPO/ILHOM TOUYKN checkpointer, nepuognyeckn
cbpachbiBatoLmii BCce rpsidHble 6ydhepbl Ha QUCK.

B-TpeTbux, npouecc gooHoBol 3anncu background writer (nnn bgwriter).
DTOT NpoLEeCcC NOX0X Ha NPOLECC KOHTPOJSIbHOW TOYKM, HO 3anncbiBaeT
TO/IbKO YacTb IPA3HbIX Oydoepos, Npuyem Te, KoTopble C 60/bLLION
BEPOSATHOCTbLIO ByAyT BbITECHEHbI B GinxKaliliee Bpems. Takum o6pasom,
Koraa o6¢cnyXusarLmin npouecc BbloepeT bydep, 4TOObI NpoYnTaTh HOBYHO
CTpaHuLy, cTapasi CTpaHuLa CKopee BCEro yXe He ByaeT rpsA3Hon U He Haao
OyaeTt TpaTuUTb Bpemsl, 4UTo6bl COPOCUTL ee Ha [NCK.

N B-4yeTBepTbLIX, 06CNYXMBAIOLLME NPOLECCHI, YnTalOLWMe AaHHble

B 6ydpepHbIn Kew. Ecniv, HeCMOTpSA Ha paboTy NPoLEecCcoB KOHTPO/IbHOM
TOYKM 1 (POHOBOW 3annCKn, BbITECHAEMbI Bydiep OKaXeTCH rPA3HbIM,
06CNyXMBaKOLNIA NPOLECC CAMOCTOATE/IbHO 3anuLLET ero Ha OUCK.



o)) PROFESSIONAL

YpPOBHU XypHasia Pos{gres

Minimal
FapaHTI/IH BOCCTAHOBJIeHUd 110C/1e C6OH

Replica (no ymoauanuio)

pe3epBHOe KOMMPOBaHHe
pervIMKaLus: repejaua v MpOUrpbIBaHKe KypHasia Ha JPyroM cepBepe

Logical

Jloruyeckast pervivkanys: HpopMaiys o JobaBaeHny, H3MeHeHUH
Y y/ja/IeH|H TabIMYHBIX CTPOK
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Kak ye roBopmnoch, NpUYNHON NOABIEHUSA XYpHasia AB/SETCS
HeobxoAMMOCTb 3awmarb MHpopmaLmio OT C60eB 13-3a notepu
COAEPXMMOro onepaTrMBHON NamMATH.

OpHako XypHas1 — MexaHW3M, KOTOPbIi oKa3anocb YA0O6HO NPUMEHATb
N oS opyrux uenemn, ecnn ob6asuTb B HETO AOMOHUTENbHYHO
NHdpopMaLnto.

O6beM gaHHbIX, KOTOpbI NonagaeT B XypHasl, peryivpyercsa napaMmeTpom
wal_level.

Ha ypoBHe minimal xypHas obecneymBaeT TO/IbKO BOCCTaHOB/IEHNE
nocne co6os.

Ha yposHe replica B xypHan gobasnsieTcs nHgpopmMaums, No3BoNALLas
MCNOMb30BaThb €ro AN co3faHus pe3epBHbIX Konuii (Moayb «Pe3epBHoe
KOnnpoBaHue») 1 pennvkauum (Mogynb «Pennnkaumsa).

Mpu pennukaunmn XypHasibHble 3anucu nepenaroTca Ha Apyron cepsep

N NPUMEHSAIOTCA TaM; TakMum 06pa3oM co3gaeTcs 1 noanepXxmBaeTcd
TOYHaa Konua (pennuka) OCHOBHOIO cepeepa.

Ha ypoBHe logical B XypHan gobasnaerca nHpopmayms, no3sonsgtoLan
Aekoamposartb «dnsnyeckme» XXypHasibHble 3anmcu n chopmMmpoBaTtb

N3 HUX «10rMYeckne» 3anucu o obasneHnn, UAMeHEeHUN 1 yaaneHnm
Tab/IMYHbIX CTPOK. ITO NO3BOJIAET OPraHN30BaTh JIOTMYECKYH
pensivkaumio (paccmaTprMBaeTca B COOTBETCTBYIOLMX TeMaX KypCcoB
DEV2 n DBA3).



o)) PROFESSIONAL

Toru Posigres

BydepHbiii Kelll CylijeCTBEHHO yCKOpsieT pabory,
yMeHbllIasi YMC/I0 AUCKOBBIX OTepaLuii

Haze)xHocTb 06ecrieunBaeTCs KypHaIMpOBaHUEM
Pa3Mep )KypHasa orpaHuueH 6/1arofjapsi KOHTPOJbHBIM TOUKaM

’KypHan yno6eH 1 UCTO/Ib3yeTCsi BO MHOTHX Cydasix

IS BOCCTAHOBJIEHUS TIOCTIe CO0st
TIpY pe3epBHOM KOIMPOBAHUU
QU151 peTUIMKaLiy MeX/ly cepBepaMu
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. CpexacTtBamu ornepalMOHHOW CUCTEMbI HAUAUTE TIPOLIECCHI,
oTBeyaroiye 3a pabory OydepHoro keiiia u )KypHarna WAL.

2. OcraHoBure PostgreSQL B pexxume fast; cCHOBa 3arycTuTe ero.
[TpocmoTpuTe >XypHan coobiiieHui cepBepa.

3. Tenepb ocTaHOBUTe B pexkuMe immediate ¥ CHOBa 3aIlyCTHTe.
[TpocMmoTpuTe >XypHas coo0IlleHui cepBepa U CPaBHUTe
C IpebIAYIIUM Pa3oM.
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2. Insi octaHoBa B pexunme fast ncnonb3lymte KomaHay

pg_ctlcluster 16 main stop

[Mpu aTOM cepBep 006pbIBAET BCE OTKPLITbIE COEAVHEHUS U Nepes,
BbIK/TlOHEHNEM BbITNOJTHAET KOHTPOJ1IbHYIO TOYKY, yTOObI HA ANCK 3anncasinCb
cornacoBaHHble AaHHbIEe. Taknm o6pa30|v|, BbIK/TOUEHNE MOXET

BbINOIHATLCA OTHOCUTE/IbHO A0/1T0, HO NPW 3anycke cepBep cpasy xe oyaet
roToB K paborTe.

3. [Ana octaHoBa B pexumMe immediate nCnNonb3yiiTe KOMaHay
pg_ctlcluster 16 main stop -m immediate --skip-systemctl-redirect
[Mpn aTOM cepBep Takke 06pbiBaeT OTKPbITbIE COeANHEHWNS, HO HE
BbIMOJ/THAET KOHTPOJIbHYH TOYKY. Ha ANCKe OCTarTCA HecCcor/lacoBaHHbIE
AaHHble, KaK nocne c60s. Taknm o6pa30M, BbIK/TIOHEHUE NpOoncxoganT

ObLICTPO, HO MPU 3arnycke cepsBep A0/HKEH 6yAeT BOCCTaHOBUTh
COrMIaCoOBaHHOCTb AAHHbIX C MOMOLLbIO XypHasa.

[ns PostgreSQL, cobpaHHOro n3 NCXoAHbIX KOA40B, OCTAaHOB B pexunme fast
BbIMO/IHAETCS KOMaHA0M

pg_ctl stop

a 0CTaHOB B pexume immediate — komaHA0M
pg_ctl stop -m immediate



1. IIpoumecchl OMEePAIMOHHON CHCTEMbI

Crauasna nonay4yuM uneHTUGUKATOP Ipoliecca postmaster. OH 3anucaH B IIepBoii cTpoke (aiina postmaster.pid. 3ToT daiin
PAacIioIoKeH B KaTaJiore C JaHHBEIMU U CO3[aeTCs KaXOBH pa3 IPU CTapTe cepBepa.

student$ sudo cat /var/lib/postgresql/16/main/postmaster.pid

60726
/var/lib/postgresql/16/main
1765571320
5432
/var/run/postgresql
localhost

655370 65594
ready

Temeps HalfieM BCe IPOLECCH, TOPOKAEHHEIE [IPOLIECCOM postmaster:
student$ sudo ps -o pid,command --ppid 60726

PID COMMAND
60727 postgres: 16/main: checkpointer
60728 postgres: 16/main: background writer
60730 postgres: 16/main: walwriter
60731 postgres: 16/main: autovacuum launcher
60732 postgres: 16/main: logical replication launcher
60780 postgres: 16/main: student student [local] idle

K nponeccam, obcnyzkuBaromuM 0ydepHbIH Kell 1 KypHasl, MOXKHO OTHECTH:

e checkpointer;
e background writer;
e walwriter.

2. OctraHoBKa B pexxume fast

YTOOH! JIETKO OTOEIUTh CTaphle COOOIIEeHHST OT HOBHIX, MBI IIPOCTO YOAJIUM JKYPHAJI COOOILIEHUH epey 1epe3anyCkoM
cepBepa. KoHeuyHo, B peanbHOM paboTe Tak OCTYNaTh HE CIIENYeT.

student$ sudo rm /var/log/postgresql/postgresql-16-main.log
student$ sudo pg ctlcluster 16 main restart

XKypuan coobuieHui cepBepa:

student$ cat /var/log/postgresql/postgresql-16-main.log

2024-01-18 12:48:43.906 MSK [60972] LOG: starting PostgreSQL 16.1 (Ubuntu
16.1-1.pgdg22.04+1) on x86 64-pc-linux-gnu, compiled by gcc (Ubuntu

11.4.0-1ubuntul~22.04) 11.4.0, 64-bit

2024-01-18 12:48:43.906 MSK [60972] LOG: 1listening on IPv4 address "127.0.0.1", port 5432
2024-01-18 12:48:43.907 MSK [60972] LOG: Tlistening on Unix socket
"/var/run/postgresql/.s.PGSQL.5432"

2024-01-18 12:48:43.912 MSK [60975] LOG: database system was shut down at 2024-01-18
12:48:43 MSK

2024-01-18 12:48:43.917 MSK [60972] LOG: database system is ready to accept connections

3. OcraHoBKa B pexxuMme immediate

student$ sudo rm /var/log/postgresql/postgresql-16-main.log

student$ sudo pg_ctlcluster 16 main stop -m immediate --skip-systemctl-redirect
student$ sudo pg ctlcluster 16 main start

Kypran coobuieHuit cepsepa:

student$ cat /var/log/postgresql/postgresql-16-main.log

2024-01-18 12:48:46.854 MSK [61096] LOG: starting PostgreSQL 16.1 (Ubuntu
16.1-1.pgdg22.04+1) on x86 64-pc-linux-gnu, compiled by gcc (Ubuntu

11.4.0-1ubuntul~22.04) 11.4.0, 64-bit

2024-01-18 12:48:46.854 MSK [61096] LOG: listening on IPv4 address "127.0.0.1", port 5432
2024-01-18 12:48:46.855 MSK [61096] LOG: listening on Unix socket
"/var/run/postgresql/.s.PGSQL.5432"

2024-01-18 12:48:46.862 MSK [61099] LOG: database system was interrupted; last known up
at 2024-01-18 12:48:43 MSK



2024-01-18 12:48:47.262 MSK [61099] LOG:

automatic recovery in progress

2024-01-18 12:48:47.265 MSK [61099] LOG:

at least 24, got 0

2024-01-18 12:48:47.265 MSK [61099] LOG:
2024-01-18 12:48:47.270 MSK [61097] LOG:

wait

2024-01-18 12:48:47.279 MSK [61097] LOG:

database system was not properly shut down;
invalid record length at 2/6778C340: expected

redo is not required
checkpoint starting: end-of-recovery immediate

checkpoint complete: wrote 3 buffers (0.0%); 0

WAL file(s) added, O removed, 0 recycled; write=0.003 s, sync=0.001 s, total=0.010 s;
sync files=2, longest=0.001 s, average=0.001 s; distance=0 kB, estimate=0 kB;

1sn=2/6778C340, redo lsn=2/6778C340

2024-01-18 12:48:47.285 MSK [61096] LOG:

database system is ready to accept connections

Ilepen TeM, KaK Ha4yaTh NpUHUMATE coenunenusi, CYB]I BEIIOTHKUIIA BOCCTaHOBNIeHUe (automatic recovery in progress).



