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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPeXAeHUs 1 YObITKKU, BK/I0Yas NoTepro A4oXo4a, HAHECEHHbIe
NPSAMbIM UN HENPAMbBIM, CleunasibHbIM UK ClyvyaiHbIM UCMNOIb30BaHUEM
MaTtepuasnioB kKypca. KomnaHus Postgres Professional He npegocTtaBnser
Kakux-nmbo rapaHTuii Ha martepuasibl Kypca. MaTtepuasbl Kypca
NpeaocTaB/ISOTCA HA OCHOBE MPUHLMNA «KaK eCTb» 1 KoMnaHus Postgres
Professional He 06a3aHa NpeaoCcTaBNATb COMPOBOXAEHME, MOALEPXKKY,
0BHOB/IEHNA, pacLUMPEHNSA N U3MEHEHNS.
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[Tporjeccel, cBsizaHHbIe ¢ OyepHbIM KellleM U >KypHaIoM
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BydepHbIil kel ncnonb3yeTca AN CriaxmnsaHnsa CKOpocTu paboThl
onepartvMBHOM NamMAaTK U ANCcKoB. OH COCTOUT N3 Maccusa bydpepoB, KOTopble
cofepxar CTpaHuLbl AaHHbIX 1 AONOMTHUTENbHYI0 MHGIOpMaumMto (Hanpuvep,
NMs hana n NonoXeHne CTpaHuubl BHYTpU 3Toro daina).

Pa3mep cTpaHuLbl 06bIYHO cocTaBnsaeT 8 K6anT; pasamep MOXHO U3MEHUTb
TOMbKO Npun cobopke PostgreSQL.

JTlobas paboTa co cTpaHuLuammn gaHHbIX NPOXOANT Yepes bydepHbIil KeLl.
Ecnn kakoin-nmbo npouecc cobupaeTcs paborarb Co CTpaHULUEN, OH

B NepBylo o4epeab NbiITaeTcs HalTh ee B Kelle. Ecnv cTpaHuubl HET, OH
obpaulaeTca K onepaynoHHOM cucTemMe ¢ NPOCcbOo NpoYnTaTb 3Ty
CTpaHuuy 1 nomMmellaet ee B bydpepHblii kew. (O6patnte BHUMaHue, 4to OC
MOXET NpoyYnTaTb CTPaHULY C AUCKA, 8 MOXET OOHapYXUTb ee

B COGCTBEHHOM Kelle.)

[Mocne Toro, Kak cTpaHuua 3anncaHa B 6ydpepHblii keLl, K Hel MOXHO
obpallarbCa MHOrokpaTHO 6e3 HaknagHbIX pacxogoB Ha Bbi3oBbl OC.

Ecnun npouecc nsmeHusn gaHHble B CTpaHuLEe, COOTBETCTBYOLWMI Bydep
Ha3bIBAETCH «IPA3HbIM». I3MEHEHHas cTpaHuLa nognexar 3anMcu Ha AMCK,
HO N0 COOBpaXeHUsIM NPOU3BOANTENLHOCTM 3anncb NPONCXOANT
ACUHXPOHHO N MOXET OTKNaAblBaTbCA.

BydepHblin KeLl, Kak 1 apyrve CTpyKTypbl 00Len namaTu, 3almiLeH
6n1oKMpoBKaMn AN ynpaeneHusi OAHOBPEMEHHbLIM AOCTYMNOM. XOTS
G/TOKNPOBKN 1 peasin3oBaHbl 3PAEKTUBHO, AOCTYN K OydpepHOMY KeLly
[anieko He Tak ObICTp, Kak NpocToe obpalleHre K onepaTtvBHON NaMsATy.
[MoaTomMy B 06LEM C/lyyae YeM MeHbLUe JaHHbIX YNTaeT N U3MEHSAET
3anpoc, Tem 6biCTpee OH OyaeT paboTars.
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Pa3smep 6ychepHOro Kela o6bI4HO He TaK BefK, YTOObl 6a3a faHHbIX
nomewjasnacb B HEro Lesimkom. Ero orpaHnymBaloT 1 fOCTynHas
onepaTuBHasa NamsiTb, ¥ BO3pacTaroLme rnpu ero yBesIM4eHnn HaknagHble
pacxofpl. [o3aToMy Npu YTEHUN OYEepPEeaHON CTPAHNULbI PaHO UK NO3A4HO
OKaXXeTCH, YTO MecTo B 6ydpepHOM Kelle 3aKOHUYU/10Cb. B aToM cniyvae
NPUMEHSETCS BbIMECHEHUE CTpaHuL,

ANropuT™M BbITECHEHMSA BbIGMpPAET B Kelle CTpaHuLy, Kotopas B nocrenHee
BPeMS MCMNOMb30Baslach pexe Apyrnx. Ecnv BeibpaHHbIin 6ydhep okasasics
[PA3HbLIM, CTPaHULa 3anncbiBaeTcsa Ha ANCK, YTOObI He NOTepATb

N3MeHeHus. 3arem B ocBoboaAuBLUMIACA Byhep UMTaeTca HoBasi CTpaHuLa.

Takoin anropuTm BbITeCHEHMS Ha3biBaeTcsa LRU — Least Recently Used. OH
COXPaHSET B Kellle AaHHble, C KOTOPbIMU NMPOUCXOAMUT akTUBHaA paborta.
Takux «ropsavnx» gaHHbIX 06bIYHO HE TaK MHOrO, 1 NPV AOCTAaTOYHOM
ob6beme 6ydpepHOro Kewa nosyyaeTcs CyLWeCTBEHHO COKPaTUTb KOIMYECTBO
obpauteHnin Kk OC (U ANCKOBbLIX onepauuii).



Biausinue 0y(depHOro Keiia Ha BbINIO/THEHHUE 3alIPOCOB

Co3pagum Tabnuiy:

=> CREATE TABLE t(n integer);

CREATE TABLE

3arnoJIHUM ee HEKOTOPHIM KOJIMYEeCTBOM CTPOK:

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

=> VACUUM ANALYZE t;

VACUUM

Pa3mep 6ydepHoOro Kemra rmokassiBaeT mapametp shared buffers:

=> SHOW shared_buffers;

shared buffers

3HayeHue 110 YMOJITYaHHIO CIIMIIKOM Majlo; B JIF0O0M peasibHON CHCTeMe ero TpedyeTcs: yBEeJIMYUTh Cpa3y II0CJIe YCTaHOBKHU
cepBepa (u3MeHeHUe TpebyeT Iepe3amnycka).

Teneps epe3anycTuM cepBep, YTOOH cogepkuMoe 6ydepHoro Kelra cOPOCUIOCE.
student$ sudo pg_ctlcluster 13 main restart
student$ /usr/lib/postgresql/13/bin/psql

CpaBHHUM, 4YTO IPOUCXOAUT IIPU II€PBOM U IIPXU BTOPOM BHIIIOJTHEHUU OOHOTO M TOTO Ke 3alpoca. B 3TOM Kypce MHI He
paccMatpuBaeM nogpoGHO IINTaHEL 3alIPOCOB, HO MHOTAa OyOeM B HUX 3arisgbsiBaTh. Celuac MBI BOCIIOIL3yEMCS KOMaHI oM
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=7 dirtied=1
Planning Time: 0.851 ms
Execution Time: 9.986 ms
(6 rows)

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

=> 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: 0.036 ms
Execution Time: 5.537 ms
(4 rows)

e hit — KonmuuyecTBO 6y(1)6pOB, B KOTOPEIX HAIIIJIUCh HY2KHBIE [JId 3allpoCa CTPaHHUIIBI.

O6paTI/ITe BHHMaHHeE, 4YTO BO BTOpOfI Pa3 YMEHBIIUIIOCH U BPEMs BEIIIOJIHEHHU S 3allpOoCa, U BpeMs €ro NMIaHUuPOBaHU A
(HOTOMy 4qTO Ta6J'II/IL[I)I CHCTEMHOTO KaTaJiora ToxKe KGH.H/IpyIOTCH).
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JKypHan npepsanucu (WAL)  Posggres

[TpoGema: 1ipu c6oe TepSFOTCS aHHBIE U3 OTlePaTUBHOM
TIaMsITH, He 3aITUCaHHbIe Ha TUCK

KypHan
IIOTOK I/IH(bOpMaL[I/II/I O BBITIOJ/IHAEMBIX AeﬁCTBHHX,
HOBBOJIHI-OH_H/II\/JI TTOBTOPHO BBITIO/IHUTD ITOTE€PAHHLIE TIPU cboe orepangru
3dllMCh M1ornaJaeT Ha JUCK paHbllle, YeM M3MEHEHHBbIE [TdHHbIE

JKypHa 3aiuiraer

CTpaHULIbl Tab/IuL], UH/EKCOB U IPYTUX 00bEeKTOB
cTaTyc TpaH3akiuii (clog)

JKypHas He 3aiuiaer

BpeMeHHbIe U He)KypHaiMpyeMble TabuLibl

Hanunume 6ydoepHoro kewa (1 gpyrux 6ycepos B orneparnBHO NnamsiT)
yBeNnmymBaeT nNpon3BoaMTe/IbHOCTb, HO YMEHbLUAET HafeXHOoCTb. B cnyyae
c6os B CYB/ coaepxmmoe BychepHoro kewwa norepsietcs. Ecnmn céoin
Npou3onaeT B onepaymoHHO cucTeMe Uan Ha annapaTHOM YPOBHe, TO
nponaget coaepxunmoe n 6ydpepo OC (HO € 3TUM cripaBnAeTcs cama
ornepaunoHHas cuctema).

[na obecneveHna HagexHocTn PostgreSQL MCnosb3yeT XXypHasimpoBaHue.
Mpwn BbINOHEHMM NOGOI oNepaunn opMUpPyeTCs 3anuchb, cogepxallas
MUHMMa/IbHO HEOBXOAMMYO MHpOpMaLNIo AN Toro, YTobbl onepawmio
MOXHO Obl/10 BbINO/THATEL MOBTOPHO. Takasa 3anncb A0/HKHA NonacTb Ha AMCK
(Mnn gpyron aHeproHe3aBUCUMbIA HAKONUTENb) paHblue, YeM byayT
3anucaHbl M3MeHsieMble onepaumeit AaHHble (NO3TOMY XYpPHau U1
Ha3blBaeTCs XYpHa/I0M riped3anucu, write-ahead log).

dalinbl XXypHana pacnonaratotcs B katasiore PGDATA/pg_wal.

XXypHan 3awmuiaet Bce 06beKTbI, paboTta ¢ KOTOpbIMU BefeTcs
B onepaTuBHOM NamATn: Tabnuubl, MHAEKCHI U Apyrne 06bLEeKTbI, CTaTyc
TpaH3aKUuiA.

B XXypHas1 He nonagaroT AaHHble 0 BpeMeHHbIX mab/siuyax (Takme Tabnmupl
AOCTYMHbI TONIbKO CO34aBLUeMy UX Mosib30BaTesIto U TONbKO Ha BpeMs
ceaHca Unu TpaH3akuun) N 0 HexxypHasiupyembix mabauyax (Takme
Tab/MLbl HUYEM He OT/INYAKTCA OT OObIYHbIX, KPOME TOro, YTO He
3alMLLEeHbl XXypHasiom). B cnyyae c605a HexypHanvpyeMmble Tabnunybl
MNPOCTO OYULLIAKOTCA, 3aTO paboTa C HAMM MPOUCXOANT BbICTpeEE.

https://postgrespro.ru/docs/postgresal/13/wal-intro




2KypHai npeg3anucu

Jlorudyecku XypHaa MOXKHO IIPECTaBUTh B BUAE HEIIPEPLIBHOTO IIOTOKA 3anuceii. Kaxaas 3anuch UMeeT HOMED,
naseBaeMriit LSN (Log Sequence Number). 9T1o 64-pa3psaHoe YHUCIIO — CMelleHue 3amucy B 6aliTaXx OTHOCUTEIFHO Hadasa
KypHarsa.

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

pg_current_wal_lsn

0/3455248
(1 row)

ITo3unus 3anuceBaeTCsa Kak [ABa 32-pa3psafHBIX YHClIa Yepe3 KOCylo YepTy. 3allOMHUM 3TO 3Ha4YeHUe.
BBIIONTHUM Teneph KaKue-HUOyOb OIepaluy ¥ IOCMOTPUM, KaK U3MEHUIIach TO3ULIU.

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

UPDATE 1

=> SELECT pg_current_wal_lsn();

pg_current wal 1sn

0/3458278
(1 row)

HHTepecHB He aGCOIOTHBIE YKCIIa, @ UX Pa3HuIla, KOTOpas MOKa3biBAaeT pa3Mep CreHepUPOBAHHEBIX KYPHAIbHEIX 3alUCe B
GaiTax:

=> SELECT '0/3458278'::pg_lsn - '0/3455248'::pg_lsn AS bytes;

Qdu3nyecKy KypHaI XpaHUTCs B (daitnax B ormenbHoM KaTtanore (PGDATA/pg wal). ITo ymonuanuio ¢aunsl UMeIOT pa3Mep
16 M6aiiT, 3agaTh OPYrod pa3Mep MOXKHO IIPU WHUITMAIN3AUNH KiacTepa 6a3 JaHHBIX.

Ha ¢aiinbl MOKHO B3T/IIHYTh He TONBKO B (aiinoBol cucTeMe, HO U C IIOMOIIbI0 QYyHKINU:
=> SELECT * FROM pg_ls_waldir() ORDER BY name;

name | size | modification

000000010000000000000003 | 16777216 | 2022-04-11 22:58:15+03
000000010000000000000004 | 16777216 | 2022-04-11 22:58:12+03
(2 rows)
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KOHTpO/bHaA To4vka Posigres

[Teproanueckuii cOpoc Bcex rpsi3zHbIX OydepoB Ha AUCK

rapaHTHpYyeT ToMaZiaHye Ha JUCK BCeX M3MeHeHHH 10 KOHTPOIbHOM TOUKU
orpaHMUMBAeT pasMep >KypHasa, Heo6X0JMMOT0 /1Jisi BOCCTaHOBJIEHHUS

BoccraHoBnenue rpu cooe

HaUMHAEeTCHd C HOCJIE,Z[HGFI KOHTpOHLHOﬁ TOUYKH
rocjien0BaTe/IbHO IIPOUTPBIBAIOTCA 3alllMCH, €C/IN M3MEeHEHUM HeT Ha AUCKe

Havyano
BOCCTaHOB/1IEHUA

HeobxoanMble doalinbl XypHana

’/ .
@ ¢ » Xid
KOHTpO/IbHas ToYKa c6oi

KOHTpPO/ibHasA To4YKa

Korga cepsep PostgreSQL 3anyckaetcs nocne c60s, OH BXOANUT B PEXUM
BOCCTaHOB/IeHUA. NHhbopmaums Ha AncKe B 3TO BPeMS Hecor/niacoBaHHa:
N3MEHEHUS «TOPAYNX>» CTPaHWUL, Nponasin, NOCKOsIbKY 3TN CTPaHuLbl BCe
elle Haxoaunchb B Kelle, XOTs apyrue, 6onee no3gHMe N3MeHeHUs yxe
ObINN COPOLLEHBbI HA AUCK.

UTo6bl BOCCTAHOBUTbL COr/1acoBaHHOCTb, PostgreSQL untaet xxypHan WAL
N nocnenoBatelbHO NPOUTPbLIBAET KaXAYH XYpPHasIbHYI0 3anncb, ecrv
COOTBETCTBYIOLLEE N3MEHEHME He Monasio Ha ANCK. Takum obpasom
BOCCTaHaB/IMBaeTCcs paboTa BCcex TpaH3akuuin. 3aTtem Te TpaH3akuuu,
3anucb O (hukcaunm KOTopbIX He ycresia nonacTb B XXYypHasi, 0b6pbiBatoTCA.

OpaHako 06beM XypHasia 3a BpemMsi paboTbl cepBepa Mor 6bl AOCTUTHYTb
rMraHTCKMX pa3mepoB. XpaHUTb ero Lesimkom 1 Lesimkom npocmarpmsaTh
npu c60e COBEpPLLUEHHO He peanbHo. MNMoatomy CYB/[, nepunoanyecku
BbIMO/IHAET KOHTPOJIbHYHO TOUKY: NPUHYAUTENbHO copacbiBaeT Ha AUCK BCe
rpsisHble 6ydoepsbl (BkoUasa 6ydhepsl clog, B KOTOPbIX XPaHUTCA COCTOSIHUE
TpaH3akunin). 1O rapaHTUPYET, UTO N3MEHEHNSA BCEX TPaH3aKLUuWii A0
MOMEHTa KOHTPO/IbHOM TOYKN HaXOASATCA Ha ANCKe.

KOHTpOfIbHaFI TOYKa MOXET 3aHMMaTb MHOIO BpeEMEHU, N 3TO HOPMaJlbHO.
COob6CTBEHHO «TO4YKa», O KOTOpOVI Mbl TOBOPUM KaK O MOMEHTE BPEMEHUN —
3TO HAaYaU/10 Mnpouecca. Ho Touka cuMTaeTcs BbINOSTHEHHOM TOMLKO Noc/ie
TOro, Kak 3arnncaHbl BCe rpAa3Hble 6yqoepb|, KOTOpblE UMETNCb HA MOMEHT
Ha4dasla npouecca.

BoccTaHoBneHWe nocne c60si HaUMHaeTCs ¢ 6nmxKXanLLein KOHTPO/TbHOM
TOYKM, YTO MNO3BOJISET XPaHUTb TOMLKO (halinbl XXypHana, 3anMcaHHble
C MOMeHTa nocnegHem nNPomngeHHON KOHTPOIbHON TOYKM.



BoccTraHOB/IeHHE IPHU MOMOIIH XYypPHaia

V3MeHeHHbIE TaOJIUYHBIE CTPAHUIIEL HaXOOSATCs B Oy(epHOM Kellle, HO elle He 3alucaHbl Ha QUCK. [Ipu 0GBIYHOM OCTaHOBKE
CepBep BHIIOHSIET KOHTPOJIBHYIO TOUKY, YTOOHI 3allMCaTh BCE I'PSI3HBIE CTPAHULEI HA JAUCK, HO MBI CHIMUTUDPYeM CO0
CHCTEMEI, TIOCJIaB CUTHAJI IPoIleccy postmaster.

student$ sudo head -n 1 /var/lib/postgresql/13/main/postmaster.pid

158123

student$ sudo kill -9 158123

Ipu cTapTe IPOW30UAET BOCCTAHOBIEHNE COTIaCOBAaHHOCTH [AaHHEIX C ITOMOIIBIO XKypHana. [Iposepum:
student$ sudo pg ctlcluster 13 main start

student$ /usr/lib/postgresql/13/bin/psql

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

min | max
_____ .

2 | 100001
(1 row)

Bce u3MeHeHUs OBLTH BOCCTAHOBIIEHEL.

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



o)) PROFESSIONAL

[1pon3BOANTENBLHOCTb Posigres
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MexaHn3M XypHanimpoBaHus 6onee apdpekTUBEH, YeM paboTa HanpsAMYyHo
C aguckom 6e3 6ydepHoro Kewa. Bo-nepsbiX, pasmep XypHasibHbIX 3anmcein
MeHbLUE, YeM pasmep Leoi CTpaHuLbl AaHHbIX; BO-BTOPbIX, XXypHaUl
3anucbiBaeTcAa CTPOro nocsiefoBarefibHoO (M 06bIYHO HE YMTaeTCs, rnoka He
CNyymTca cOoi), C YeM BMOJIHE CNpaBnATCs npocTble HDD-ancku.

Ha a(p(pekTMBHOCTE MOXHO Takxe BNUATbL HaCTPOKoin. Ecnn 3annch
npoucxoauT cpasy (CUHXPOHHO), TO rapaHTUpPYyeTCs, YTo 3addMKCUPOBaHHas
TpaH3akuma He nponaget. Ho 3anMcb — [0BOJMIbHO oporas onepauus,

B TEYEeHMe KOTOPOil 06CyXMBaOLLMIA NPOLECC, BbINOMHAKOLWMIA hrkcauumto,
BbIHYXJEH XAaTb. YTOObI XXYypHa/IbHasA 3an1cb He «3acTpsana» B Kelle
onepaunoHHON cUcTeMsbl, BbINOMHAETCA BbI30B fsync: PostgreSQL
nosiaraeTca Ha To, YTO 3TO rapaHTUpyeT nonagaHve AaHHbIX Ha
9HEeproHe3aBNCUMbI HOCUTESTb.

[M03TOMY €CTb M PEXUM OTNIOXKEHHON (aCMHXPOHHOW) 3anncu. B aTom crydyae
3anucuy nuwyTcs hoHOBbLIM NpoLeccoM walwriter nocteneHHo, ¢ He6oNbLLOWA
3a/lepXKoii. HaaexXHOCTb YMeHbLLIAeTCs, 3aT0 NPOU3BOANTENBHOCTb
yBenMunBaeTcs. Ho 1 B 3TOM c/lyyae nocsie cb6osi rapaHTUpyetcs
BOCCTAHOB/IEHME COr/1TaCOBAHHOCTM.

Ha camom pgene ob6a pexvma paboTtatoT COBMECTHO. XKypHasibHble 3anmcu
[ONTON TpaH3akumn 6yayT 3anucbiBaTbCs aCUHXPOHHO (YTO6bI 0CBOGOANTL
o6ydbepbl WAL). A ecniv npu cbpoce CTpaHuLbl AaHHbIX OKaXKeTCH, YTO
COOTBETCTBYIOLLAA XYPHaUIbHas 3anucChb elle He Ha AUCKe, OHa TYT xe byaet
3anvcaHa B CUHXPOHHOM pexume.
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OCHOBHbI€ npoLecchl Pos{gres

PostgreSQL
3aruch XypHasa postmaster

KOHTpO JIbHAs TOUKa [U— ez

cOpoc Bcex backend walwriter | | checkpointer | | bgwriter
rpsAsHbIX Oyhepos —

o6Las namsiTb

@ @ [ 6ydhepHbIii KeLl ]

doHoBag 3anuch

cOpoc yacTu
rpsi3HbIX Gydepos

OO6cTy>KHBaIOIHe MPOLIeCChI ( e oc

)
cOpOC BBITECHSIEMOTO
rpsasHoro 6ydepa D D @
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BepHemcs ele pa3s K npoieccam, CBA3aHHbIM C 06CyXnBaHnem
OychepHOro Kelua n xypHasna.

Bo-nepBbIx, 3TO npouecc walwriter, 3aHUMAalLLMIACS aCUHXPOHHOM 3anuCbio
XXypHana Ha auck. Mpu CUHXPOHHOM peXxrMe 3an1cbio XypHana 3aHMMaeTcs
TOT NPOLIECC, KOTOPbII BLIMNOMHAET hMKCALNIO TPAH3aKLNN.

Bo-BTOpbIX, NpOLECC KOHTPOsIbHOW TOUYKM checkpointer, neproanyecku
cbpachbiBaloLmii BCe rpsiHble 6ydhepbl Ha QUCK.

B-TpeTbux, npouecc ¢oHoBol 3anncu background writer (unn bgwriter).
DTOT NpoLEeCC NOXOX Ha NPOLECC KOHTPOJSIbHON TOYKM, HO 3anncbiBaeT
TOJIbKO YacTb rPsA3HbIX Bydoepos, Npuyem Te, KOTopble ¢ 60/bLLION
BEPOATHOCTbLIO ByAyT BbITECHEHbI B O/iMXKaliLiee Bpemsi. Takum o6pasom,
Korga o6cnyXusaroLnii npouecc BblbepeTt 6ydep, 4ToObl NPoYNTaTh HOBYHO
CTpaHuly, cTapasi CTpaHuLa CKopee BCEro ye He ByaeT rpA3HOon U He Haao
OyneTt TpaTuTb Bpemsl, 4UTobbl COPOCUTL ee Ha AUCK.

N B-4yeTBEPTLIX, 0O6CNYXMNBAIOLLME NPOLECCHI, YMTaOLWME AaHHbIe

B OydoepHbIil Kewl. Ecnun, HecmMoTpsi Ha pabdoTy NPOLECCOB KOHTPO/IbHOM
TOYKM N (POHOBOW 3aNnUCK, BbITECHAEMbI Bydiep OKaXXeTCH rPA3HbIM,
0o6CcnyXXnBarL M NPoLLEeCcc CamoCTOATE/TIbHO 3amnuLLET ero Ha AMUCK.



o)) PROFESSIONAL

YpPOBHU XypHauia Pos{gres

Minimal
FapaHTI/IH BOCCTAHOBJIeHUd 110C/1e C6OH

Replica (no ymoauanuro)

pe3epBHOe KOMMPOBaHHe
pervIMKaLus: repejava v MpOUrphIBaHKe KypHasia Ha IpPyroM cepBepe

Logical

Jloruyeckast pervivKarus: uHGopMaiys o o06aBieHny, U3MeHeHUH
Y y/ja/IeH|H TabIMYHBIX CTPOK
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Kak y»e rosopmnoch, NpUYNHON NOABIEHUA XYpHasia AB/seTCs
Heobxo4MMOCTb 3awmarb MHpopmaLmio oT c60eB 13-3a NoTepu
COAEPXMMOro onepaTMBHON NamMATH.

O/HaKO XypHa/1 — MexaHn3M, KOTOPbIli 0Ka3asiocb YA06HO NPUMEHATL U
ANs Apyrux uenem, ecnvm 4o6aBnTb B HEro A0NOIHUTENbHYH NHGOPMALIO.

O6beM AaHHbIX, KOTOPbIA NoNagaeT B XypHas, peryimpyeTca napameTpom
wal_level.

- Ha ypoBHe minimal xxypHan obecneunsaeT TO/IbKO BOCCTaHOB/IEHNE
nocne c6os.

- Ha yposHe replica B XXypHan gobasnsercs nHgopmaumd, no3eosistoLas
MCNo/b30BaThb €ro AJ19 co34aHunsa pesepBHbIX Konuin (moaynb «Pe3epsHoe
KonnpoBaHue») n pennvkauun (Moaynb «Pennvkaunsa»). Mpu pennvkaunm
XXYypHasibHblEe 3anncKu nepeaaroTcs Ha ApYyron cepBep U NPUMEHSOTCA TaMm;
Taknm 06pa3oM Co3gaeTca 1 NoAdepPXMBAETCS ToUHasi Konus (pensvka)
OCHOBHOIO cepBepa.

- Ha yposHe logical B xxypHan gobasnserca nHgpopmauns, no3sonsaoLwas
AeKoanpoBaTb «(Pu3ndeckme» XypHasbHble 3annucu n cqoopMmmpoBaTthb U3
HUX «/10rMYeckme» 3anucu o obasneHnn, USMeHeHUN 1 yaaneHnm
Tab/INYHbIX CTPOK. DTO MNO3BOJIAET OpPraHM30BaTh JIOrTMYECKYH pensinkawlmio
(Takke paccmarpusaeTcsa B Moayre «Pennukauyms»).



o)) PROFESSIONAL

Toru Posigres

BydepHbIii Kelll CylijeCTBEHHO yCKopsieT paboTy,
yMeHbllIasi YMC/I0 AUCKOBBIX OTepaLiuii

HazexxHocTb 06ecrieunBaeTCs XKypHaIMpOBaHeM
Pa3Mep )KypHasa orpaHuueH 6/arofjapst KOHTPOJIbHBIM TOUKaM

’KypHan yno6eH 1 UCMO/Ib3yeTCsi BO MHOTHX CTydasix

IS BOCCTAHOBJIEHUS TIOCTIe COO0st
TIpY pe3epBHOM KOIMPOBAHWU
JJ1s1 perIMKaLiy MeX/ly cepBepaMu
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o)) PROFESSIONAL

[1pakTuka Pos{gres

1. CpexctBamu onepalOHHOW CUCTEMbI HAUAUTE MPOLIECCHI,
oTBeyaroiye 3a paboty 6ydepHoro Keiiia u )KypHana WAL.

2. OcranoBure PostgreSQL B pexxume fast; CHOBa 3arycTUTe ero.
[TpocmoTpuTe >XypHan coob1ieHun cepBepa.

3. Tenepb ocTaHoBUTe B pexkuMe immediate ¥ CHOBa 3aIlyCTHTe.
[TpocMmoTpuUTe >XypHas coo0ILleHui cepBepa U CPaBHUTe
C IpeJbIAYIIUM Pa3oM.
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2. Insi octaHoBa B pexunme fast ncnonb3ymte kKomaHay

pg_ctlcluster 13 main stop

|_|pl/l 3TOM cepBep O6prBaeT BCE OTKPbITbIE COEANHEHUA N Nepen
BbIK/TOHEHNEM BbINMOJ/THAET KOHTPOJ/1IbHYO TOYKY, yTOObI HA ANCK 3arnncasinCb
cornacoBaHHbIe JaHHbIE. Takum 06pa30|v|, BbIK/TOUEHNE MOXXET

BbINOMIHATLCA OTHOCUTE/IbHO A0/1T0, HO NPU 3arnycke cepBep cpasy xe odyaet
roToB K pabore.

3. [Ana octaHoBa B pexume immediate ncnonb3yiiTe KOMaHay
pg_ctlcluster 13 main stop -m immediate --skip-systemctl-redirect
[Mpn aTOM cepBep Takke 06pbIBaAET OTKPbITbIE COEANHEHNS, HO HE
BbIMOJ/THAET KOHTPOJIbHYH TOYKY. Ha ANCKe OCTalTCA HeCor/1laCoBaHHbIEe
JaHHbIE, KaK nocne c604. Taknm o6pa30M, BbIK/TlOHEHNE NMPONCXoANT

ObICTPO, HO MPU 3anycke cepBep A0/KeH 6yaeT BOCCTaHOBUTh
COrMacoBaHHOCTb AAHHbIX C MOMOLLbIO XYypHasa.

[Ons PostgreSQL, cobpaHHOro U3 NCXo4HbIX KOA4OB, OCTAHOB B pexunme fast
BbIMO/IHAETCS KOMaHA0M

pg_ctl stop

a OCTaHoOB B pexume immediate komaHa0W
pg_ctl stop -m immediate



1. IIpoueccel OnepanHOHHONH CHCTEMBI

CHauasia nony4uM uaeHTudbuKaTop npouecca postmaster. OH 3amnucaH B IepBoi CTpoKe (aiina postmaster.pid. SToT daiin pacnosoxeH B KaTajore ¢ JaHHEIMH U CO3[AETCsI KazKAbIM pas IpHU cTapTe

cepsepa

student$ sudo cat /var/lib/postgresql/13/main/postmaster.pid

175287

/var/lib/postgresql/13/main

1649707260
5432

/var/run/postgresql

localhost
524335
ready

196668

Temepb CMOTPHM BCe IIPOLECCH, TOPOKIEHHbIE IPOLECCOM postmaster:

student$ sudo ps -o pid,command --ppid 175287

PID COMMAND

175289 postgres:
175290 postgres:
175291 postgres:
175293 postgres:
175294 postgres:
177399 postgres:

13/main:

13/main:

checkpointer
background writer

walwriter
stats collector
: logical replication launcher

autovacuum launcher

K mporeccam, 06¢ciyKuBaromuM 6ydepHEIil Kell i KypHaJl, MOKHO OTHECTH:

e checkpointer;

e background writer;

e walwriter.

2. OcraHoBKa B pexume fast

YTOOGEI JIETKO OTHETHTh CTapkle COOBLIEHHsI OT HOBEIX, Mbl IPOCTO yIaiM XKYPHa COOOILIEHUI [Iepef] epe3anycKoM cepBepa. KoHeuHo, B peasibHOl paGoTe Tak IOCTYNaTh He CIeNyeT.

postgres$ rm /var/log/postgresql/postgresql-13-main.log

student$ sudo pg_ctlcluster 13 main restart

KypHan cooGuIeHuit cepepa:

postgres$ cat /var/log/postgresql/postgresql-13-main.log

2022-04-11 23:01:19.078 MSK
2022-04-11 23:01:19.079 MSK
2022-04-11 23:01:19.082 MSK
2022-04-11 23:01:19.089 MSK
2022-04-11 23:01:19.095 MSK

[177628]
[177628]
[177628]
[177629]
[177628]

LOG:
LOG:
LOG:
LOG:
LOG:

3. OcTraHOBKa B pexume immediate

starting PostgreSQL 13.6 (Ubuntu 13.6-1.pgdg20.04+1) on x86_64-pc-linux-gnu, compiled by gcc (Ubuntu 9.3.0-17ubuntul~20.04) 9.3.0, 64-bit
listening on IPv4 address "127.0.0.1", port 5432

listening on Unix socket "/var/run/postgresql/.s.PGSQL.5432"

database system was shut down at 2022-04-11 23:01:18 MSK

database system is ready to accept connections

postgres$ rm /var/log/postgresql/postgresql-13-main.log

student$ sudo pg_ctlcluster 13 main stop -m immediate --skip-systemctl-redirect

student$ sudo pg_ctlcluster 13 main start

2KypHan cooGimeHwuii cepsepa:

postgres$ cat

2022-04-11
2022-04-11
2022-04-11
2022-04-11
2022-04-11
2022-04-11
2022-04-11
2022-04-11

23:
23:
23:
23:
23:
23:
23:
23:

/var/log/postgresql/postgresql-13-main.log

01

01:
01:
01:
01:
01:
01:
01:

21
21
21
21
22.
22.
22.
22.

679
680
681
689
147
149
149
163

MSK
MSK
MSK
MSK
MSK
MSK
MSK
MSK

[177738]
[177738]
[177738]
[177739]
[177739]
[177739]
[177739]
[177738]

LOG:
LOG:
LOG:
LOG:
LOG:
LOG:
LOG:
LOG:

starting PostgreSQL 13.6 (Ubuntu 13.6-1.pgdg20.04+1) on x86_64-pc-linux-gnu, compiled by gcc (Ubuntu 9.3.0-17ubuntul~20.04) 9.3.0, 64-bit
listening on IPv4 address "127.0.0.1", port 5432

listening on Unix socket "/var/run/postgresql/.s.PGSQL.5432"

database system was interrupted; last known up at 2022-04-11 23:01:19 MSK

database system was not properly shut down; automatic recovery in progress

invalid record length at 0/D9BA540: wanted 24, got 0

redo is not required

database system is ready to accept connections

Ilepen TeM, KaK HayaTh IPUHUMaTh coepuHeHus, CYB]I BHIIOIHIIA BOCCTaHOBNIEHHE (automatic recovery in progress).



