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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

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.
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Tembl Posigres

Kypnan nipepzarmicu (WAL)
Jlornueckoe u (pu3nrueckoe yCTPOUCTBO XKypHasa

[Tporjecc yripexkaaroiiieid 3arvcy U BOCCTaHOB/IEHHE
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JKypHan npeasannciu Pos}gres

OcHOBHas 3a/1a4ya

BO3MO>XHOCTb BOCCTAHOB/IEHHMS COITIACOBAHHOCTU AdHHBIX I10C/Ie cbos

MexaHusm

T1pY U3MEeHEHHHU [dHHBIX ,E[EI‘/JICTBI/IE TaK)Xe 3allMCbIBAETCA B XKYDPHaJl
JKYPHaJ/IbHAA 3allUCh I10MaAd€T Hd AWCK PaHbIIIE W3ME€HEHHbIX JdHHBIX

BOCCTAHOBJIEHHE TI0CJIe COOs1 — MOBTOPHOE BBITIO/THEHHE TIOTePSTHHBIX
oreparyii € MOMOLLBIO KYPHA/IbHBIX 3arvcei

OCHOBHas npuynHa CyLecTBOBaHuWs XypHasia — HeobxoanMoCTb
BOCCTaHOB/1IEHNS COINIaCOBaHHOCTY AaHHbIX B C/lyvae c60os, Npu KOTOPOM
TepsieTca coAepXnmoe orneparmBHOM NamsaTn, B HaCTHOCTU, BydpepHoro
kewa. Tem caMbiM 06ecneymBaeTcs BbINOIHEHNE CBOMCTBA [40/ITOBEYHOCTH
(6bykBa «D» 13 Habopa cBoncTB TpaH3akuunii ACID).

OOHOBPEMEHHO C U3MEHEHNEM [laHHbIX CO3[AaeTCs 3annchb B XXypHaUe,
cofepxallas AoCTaTOuHY0 MHJhopMaLmio /19 NOBTOPEHMA 3TO onepauunn.
XKypHanbHasa 3anvck B 0653aTe/IbHOM NopsaaKe nonagaer Ha AUcK (unu
Apyroe aHeproHesasncuMoe YyCTPOINCTBO) A0 TOro, KakK Tyaa nonaget
N3MEeHeHHas CTpaHuLa — OTCHAa U Ha3BaHue: «KypHas npeasanmcuns,
«write-ahead log».

B cnyyae c605s1 MOXHO NpoYnTaTh XYpHas 1 Npyu HEO06X0AMMOCTUN MOBTOPUTH
Te onepauummn, KOTopble yXXe Obl/I1 BbINO/IHEHbI, HO Pe3y/ibTaT KOTOPbIX He
ycnen nonacTb Ha AUCK.

https://postgrespro.ru/docs/postgresqgl/16/wal-intro
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UTO 3aLMLLEHO XYpPHa/IOM Pos{gres

V3meHeHue m00bIX cTpaHUI] B OydepHOM Kelire
B TOM 4HCJ/ie CTPAHHILIbI Ta6]'II/I]_[ N MHOEKCOB
KpPOMe He)XXypHa/TUPYeMbIX U BpeMeHHBIX TabuI]

duKkcarus ¥ oTMeHa TpaH3akiuii — Oydepsl CLOG

daiisioBbIe OrNepaLuu

Co37laHUe U yaaneHue (aiiioB
nobaBreHyre U yaneHue CTpaHuL] ¢ailyioB
CO3/[jaHMe U yZla/ieHue KaTaloroB

>XypHanupoBaTb HY)XHO BCe onepauuu, npu BbINOSTHEHUN KOTOPbIX
BO3MOXHa cuTyauus, 4to npu cboe n3MeHeHus (UM YacTb N3MEHEHWIN)
He gouayT Ao AucKa.

B 4acTHOCTW, B XXypHan 3anuncbiBaloTCs crieayowme AeincTBus:

* M3MEHeHMe cTpaHuy B bydoepHoM Kelle (Kak npaBuio, 3TO CTpaHuLbl
Tabnmuy N MHAEKCOB) — Tak Kak M3MeHeHHas cTpaHuua nonagaeTt Ha AucK
He cpasy;

* pukcayma n oTMeHa TpaH3akUuin — TOYHO Tak Xe, U3MeHeHue ctaTyca
npouncxoant B 6ycpepe CLOG v nonagaet Ha ANCK He cpasy;

* (paiinoBble onepauuu (co3gaHne v yganeHne daiioB 1 Katanoros,
Hanpumep, co3gaHne gaiioB Npu co3gaHnn Tabnmubl) — Tak KakK 3Ty
onepaymm AOMKHbl MPOUCXOANTb CUHXPOHHO C U3BMEHEHUEM [aHHbIX.

[py 3TOM B XXypHaU1 He 3anucbiBatoTCS:

e onepaunn c HeXxypHanupyembsiMy Tabnmuamm — nx HasBaHue roBopuT
camo 3a cebs;

* ornepaunn ¢ BpeMeHHbIMA Ta6n|/|u,a|v||/| — OHM CyWweCTBYHOT HE AO0JIblle,
yem C03p|aBLIJI/II7I nx ceaHc, N NO3TOMY HE HYXAakTCA B BOCCTaHOBJ/1IEHNN.
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Jlornyeckoe yCcTpOUCTBO Pos{gres

3aro/I0BOK:
HOMep TpaH3akuuu,
MeHe[Kep pecypcos,
KOHTPOsbHast

LSN

\]

0 «HOMep»
3anucu

T0C/IeI0BaTeIbHOCTD 3arMcei
«HoMep» 3arucu — 64-6utHbii LSN (log sequence number)
crieliuabHbIN TUN pg_lsn

Jlornyecku XypHan MOXHO NpeAcTaBUTb ce6e Kak NocneaoBaTe/lbHOCTb
3anuceit pasfiMuHoi ANnHbL. Kaxkaas 3annchb COAePXUT AaHHble

0 HEKOTOpPOI onepauun, NpeaBapeHHbIe 3aro/IoBKOM. B 3arosioBke,

B YMC/IE MPOYETO, YKa3aHbl:

* HOMep TpaH3aKunun, K KOTOpOI7I OTHOCUTCA 3alnCb;

* MeHeKep PecypcoB — KOMMOHEHT CUCTEMbI, OTBETCTBEHHbIN 3a faHHYH
3anuncb, KOTOPbI NOHUMAET, Kak MHTePrnpeTnpoBaTb AaHHble. ECTb
oTAeNbHblE MEHeMKEPbI ANA Tabnuu, 415 Kaxaoro Tmna nHaekca, ois
craryca TpaH3akuuMi U T. 1.;

* KOHTposibHasa cymma (CRC).

HaunHasa ¢ Bepcun 16 paclumpeHus MoryT co3gaBaTb COOCTBEHHbIE
MeHeKepbl PecypcoB, UCnosb3yloLue crneumdmyecknin dpopmaTt A1 CBOUX
3anucein WAL. 3To nomoxeT paspaboTyumkam co3faBatb paclunpeHmns,
peasimsyolmne HoBble Tab/inyHble U MHOEKCHbIEe MeToAbl AOCTYyna.

https://postgrespro.ru/docs/postaresql/16/custom-rmgr

[na Toro 4To6bLI COCNaTbCA Ha ONpefesiIeHHYI0 3anncb, NCNONb3YETCA TUM
AaHHbIX pg_lsn (LSN = log sequence number) — 64-6uTHoe 4ncno,
npeacTasnsowee coboin 6anToBoe CMeLLeHne 00 3anncu OTHOCUTESTbHO
Havasia XypHasna.

Hauasio kaxkgon 3anncuy BblpaBHMBAETCA NO rpaHnLe MallMHHOIO C/10Ba,
3TO oAHa U3 NPUYUH ABOMYHON HecoBMeCcTMMOCTU WAL Ha pasHbIX
nnargoopmax.

https://postgrespro.ru/docs/postgresgl/16/datatype-pg-Isn




Jloruyeckoe yCTPOMCTBO KypHaia

CHnucok MeHe[IXepoB PeCypCcoB IIOKaxKeT yTunuTa pg waldump:
student$ /usr/lib/postgresql/16/bin/pg_waldump -r list

XLOG
Transaction
Storage
CLOG
Database
Tablespace
MultiXact
RelMap
Standby
Heap2

Heap

Btree

Hash

Gin

Gist
Sequence
SPGist

BRIN
CommitTs
ReplicationOrigin
Generic
LogicalMessage

LSN BEIBOOHUTCS Kak ABa 32-0MTHBIX YKCJIa B IIeCTHa/I[aTepPUYHON CUCTeMe depe3 KOCYIOo UepTy.
Tekymras no3uius B KypHae:
=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/1BA65A0
(1 row)

IIpu nomomu yTunuthl pg waldump u nosBusuierocs B 15-i1 Bepcuu PostgreSQL pacmupenust pg walinspect MbI MoxkeM
HUCCIenoBaTh CONepRUMOe KypHasa IIpef3anucu.

CospapuM 6a3y JaHHBIX ¥ YCTAaHOBUM paclIupeHHe (YTOOH BOCIIONIb30BaThCs PacCUIMpeHNeM, POJib NOJIXKHA OBITh BKIIIOUeHa
B pg_read_server files unu GBEITH CyNIePIIOIb30BATENbCKOM):

=> CREATE DATABASE wal_log;

CREATE DATABASE

=> \c wal_log

You are now connected to database "wal log" as user "student".
=> CREATE EXTENSION pg_walinspect;

CREATE EXTENSION

Hawm nmorago6uTtcst HeGonbias Tabiaua:

=> CREATE TABLE t(note text);

CREATE TABLE

TTony4yuM TEKYIIyIo MO3UIHIO B XKypHaJle, II0Cie Yero BCTaBUM B TAGJIHITy CTPOKY:
=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/1FD9FDO

(1 row)

=> INSERT INTO t VALUES ('F00');
INSERT 0 1

Teneps no3unus KypHalla TaKas:



=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/1FDA0G50
(1 row)

HOCMOTpI/IM, KaKHe 3alliCHU IIOSBUJIACE B XXypHaJlie:

=> SELECT resource_manager, record_length, xid, start_lsn, prev_lsn, record_type, description
FROM pg_get_wal_records_info('0/1FD9FDO", '0/1FDAO50")

WHERE record_type in('INSERT+INIT','COMMIT')

ORDER BY start_lsn \gx

<] RECORD 1 J---dmmmmmmmmmm e e mee oo
resource_manager | Heap

record_length | 59

xid | 746

start _lsn | ©/1FD9FDO

prev_lsn | 0/1FD9F90

record type | INSERT+INIT

description | off: 1, flags: 0x00

[ RECORD 2 J---odommmmmm i
resource _manager | Transaction

record length | 34

xid | 746

start_1lsn | 0/1FDA028

prev_1lsn | ©/1FD9FDO

record type | COMMIT

description | 2025-04-09 21:22:12.676879+03

Omnepanwust INSERT+INIT nHuIIManu3upyeT CTpaHUIy U H00aBIsieT B Hee BEPCHUIO CTPOKH, oneparuss COMMIT ¢urcupyet
TPaH3aKIUIO.

s 3anucu INSERT+INIT B XXypHarne coxpaHseTcs 610K JaHHBIX, COLEPXKalIuil 3HaUeHUs [10JIel BCTaBIIsIeMOM BepCUU
cTpoku. PacuinpeHnue no3BoNseT yBUAETh 9TH HaHHbe (B cTonbue block data MOKHO pa3nuyYUThH KOIOBI CHMBOJIOB
no6GaBJIEHHOM CTPOKH):

=> SELECT * FROM pg_get_wal_block_info('0/1FDIFDO', '0/1FDA0G28"') \gx

block fpi info
description
block data
block fpi data

off: 1, flags: 0x00
\x01000208180009464f4f

-[ RECORD 1 ]----- R T T
start_1lsn | ©/1FD9FDO
end 1sn | ©/1FDA028
prev_1lsn | ©/1FD9F90
block id | ©
reltablespace | 1663
reldatabase | 16390
relfilenode | 16398
relforknumber | ©
relblocknumber | 0
xid | 746
resource manager | Heap
record type | INSERT+INIT
record length | 59
main_data_length | 3
block_data_length | 10
block fpi length | 0O

|

I

I
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Pdun3mnyeckoe yCTPoNCTBO Posigres

wal_buffers

— T
w

$PGDATA/pg_wal/
000000010000000100000001
000000010000000100000002
000000010000000100000003
000000010000000100000004
000000010000000100000005

000000010000000100000006

B nmamsatu

KOJTbIIeBOM OydepHbIH Kelll

() wal_buffers = -1

Ha nucke

(atinel (cermeHTshI) 110 16 Mb

Ha ancke XypHan xpaHuTcs B Buae dainos (CErMeHTOB) B KaTasore
PGDATA/pg_wal. Kaxaplin dpaiisi no ymonyaHuo 3aHMMaeT 16 M6aiT.
Pasmep cermeHTa MOXEeT ObITb 3a4aH NpU UHUUMaM3aumn Knacrtepa.

YKypHasibHble 3an1ucu nonagatoT B TEKYLIWIA doaiin; Koraa OH 3anosiHsAeTcsl —

HauyMHaEeT UCNO/b30BaTbCS CNeay LA,

B onepatnBHO namsaTy 415 XypHana BblaeneHsl cneyyasnbHble 6ydepsl.
Pa3smep kewa 3apaetcd napametpom wal_buffers (3HayeHne No yMmon4aHuo

nogpasymMmeBaeT aBTOMaTM4YecKyto HaCTPOWKY: Bblgensercs 1/32 yacTb

OGychepHOro Kella, HoO He MeHbLLEe YeM 64 Kb6alT 1 He 60onbLUe YeM pasmep

ogHoro cermeHta WAL).

>KypHasbHbIil Kew yCTpoeH Hanogobue 6ydhepHoro kewwa, Ho paboTtaeT

NpenMyLlIeCTBEHHO B peXume KonbLeBOro bydgepa: 3anvucu obasnsatorcs

B «r0/10BY» Oychepa, a 3anmcbIBalOTCA Ha AUCK C «XBOCTa».



®u3MYeCcKoe YCTPOUCTBO XKypHajia

Pa3mep Kella XXypHasa B 00111el maMsaTu:
=> SHOW wal_buffers;

wal buffers

Bce xypHanbHEIE (Daiiiel (CErMeHTH) HaXOAATCS B KaTanore /var/lib/postgresql/16/main/pg wal/, ux TakKe moxka3bBaeT
crnenvanbHast GyHKITUS:

=> SELECT * FROM pg_ls_waldir() LIMIT 160;

size | modification

000000010000000000000001
(1 row)

16777216 | 2025-04-09 21:22:12+03

HmeHa GalioB COCTaBIEHH U3 TPEX Yuces. [lepBoe — HOMED JIMHUK BpEeMEHU (MCIOIL3yEeTCsI IPU BOCCTAHOBJIEHUU U3
apxuBa), a IBa CJIemyoIuxX — cTapiime pa3psaasl LSN.

Pa3mep ¢daiinioB MOKHO 3afaTh IPU UHUNMANIN3ALINUY KJlacTepa, 110 yMoldaHuio — 16 M6aur.
3anuce INSERT+INIT HaxoguTcsi B 3TOM (daiine:
=> SELECT pg_walfile_name('0/1FDA050"');

pg walfile name

000000010000000000000001
(1 row)

Tekymuii CeTMeHT:
=> SELECT pg_walfile_name(pg_current_wal_insert_lsn());

pg walfile name

000000010000000000000001
(1 row)
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Ynpexaarulasa 3annchb Pos{gres

pg_current_wal_insert_Isn()

CLOG WAL

LSN

MponnncTprpyemM ckazaHHOE Bbillie MPO YNpeXxAatoLLyto 3anuch.
Ha cnaiine nokasaHbl TPV BaXHble 06/1acTy 06LLEN NaMATY 3K3eMnsipa:

* OydhepHbI Keww (pasmepom shared_buffers),

* TOJ/IbKO YTO PaCCMOTPEHHbIN XypHaNbHbI kel WAL (pasmepom
wal_buffers),

* KeLl COCTOSIHMSA TpaH3akuuii, HasbiBaeMblil Takke CLOG (pa3mepom
128 ctpaHuu).

[Mpn n3MeHeHnn cTpaHnLbl AaHHbIX B BythepHOM Kelle hopMunpyeTcs
XypHanbHada 3anncb. OHa NOMeLLLaeTcsa B CTpaHuLy XypHana, a Ccblsika
Ha 3anuckb (a TouHee ee LSN + annHa, To ecTb LSN cnepytollein 3annuci)
3anucbiBaeTcs B cneyyasibHoe nose LSN B 3arosioBke CTpaHuubl AaHHbIX.

Mo3numio AN 3annucm MOXHO y3HaTb C MOMOLLbH GOYHKLNK
pg_current_wal_insert_Isn().
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Ynpexaarulasa 3annchb Pos{gres

pg_current_wal_insert_lsn()

LSN m

CLOG WAL

LSN

10

Jonyctnm, ganee nponcxoguT pukcauusa TpaHsakumn. 4ns atoro
dhopmMmumpyeTca elle ofHa XypHasibHasa 3an1cb, MEHAETCH OUT COCTOAHUSA
Ha cTpaHuue CLOG u ccblika Ha 3Ty 3anuch npocTtasnigeTca B none LSN
N3MEHEHHOWN CTPaHuLpbI.

Mpw BCTaBke ykasartenb pg_current_wal_insert_lsn capuraetcs Bnepeq.

3ameTum, 4To Mexay 3anucsamMu, OTHOCALMMNCS K OAHOWN TpaH3aKLuu,
MOryT nonacTb 3annucu Apyrux TpaH3akuymnii, OTHOCALMUXCA K 6o BA,.
XXypHan — obLwmin Ana Bcero knacrepa.



Ynpexaarulasa 3annchb Pos{gres

T 1O

LSN [ pg_current_wal_insert_Isn()

pg_current_wal_lsn()

CLOG WAL

LSN

11

[anee B KaKON-TO MOMEHT (B Kakoil UMEHHO — ByAeT pacCMOTPEHO

B TeMe «HacTpolika xypHasa») XypHasibHble 3an1cu, KOTopble eLlle He
nonasn Ha AUCK, AO/KHbI Ha HEro NonacTb.

®yHKumMa pg_current_wal_Isn() noka3sbiBaeT NOC/EOHIO 3aMunChb, YXXe
JoLleauyo Ao AMCKa.
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Ynpexaarulasa 3annchb Pos{gres

i

LSN 3

CLOG WAL

LSN

O

12

TonbKo nocne Toro, Kak Ha ANCK nonasn XXypHasibHble 3anucu, MoryT ObITb
3anucaHbl N caMmy N3MeHeHHble cTpaHuLbl. NopaaoK KOHTpoNupyeTcA

¢ yuetom LSN nocnegHero nsmMmeHeHusa CTpaHulbl U TEKYLLETo COCTOAHUA
pg_current_wal_Isn. Mpn atom paboTa Npoao/mKaeTcs, B XypHas byayT
nonagarb HOBble U HOBble 3anucu. [aBHoe, 4Tobbl 3anuckb ¢ LSN
nocnefHero N3MeHeHnsa CTpaHuubl yXxe oblia Ha ancke.

Ecnn okaxeTcs, 4To CTpaHuua AaHHbIX AO/KHA ObiTb 3annucaHa (Hanpumep,
OHa BbITeCHAETCA 13 BydoepHOro Kewa), a XXypHasibHas 3anunchb eLle He
nonana Ha AMUCK, XypHasbHble bydiepbl copacbkiBalOTCA NPUHYAUTESBHO.



Vopexpgaroniasi 3anuch

Ms1 6ynmeM 3ariIsigeiBaTh B 3ar0JI0BOK TAOIMYHON CTPAHUIEL. [IJIs 9TOr0 MOHAMOOUTCS pacluIupeHue:
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

HauneM TpaH3akuuio.

=> BEGIN;

BEGIN

TekyIiasa MO3UIKSA U TEKYIIUN CETMEHT XypHasa:

=> SELECT pg_current_wal_insert_lsn(), pg_walfile_name(pg_current_wal_insert_1lsn());

pg current wal insert lsn | pg walfile name
___________________________ e e e e e macmccccccc-c o
0/20529B0 | 000000010000000000000002
(1 row)

Hi3sMeHUM CTPOKY B Tabnulle:

=> UPDATE t SET note = 'BAR';

UPDATE 1

ITo3unus B XXypHaje H3MEeHHUJIach:

=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/20529F8
(1 row)

OToT ke HoMep LSN (u1u MeHbBIINH, eCly B XKypHaJ I0Ialiu JOIOJIHUTEJIbHEIE 3alIUCH) MBI HAliIeM U B 3aT0JI0BKe
H3MEHEHHO! CTPaHUIIHL:

=> SELECT 1lsn FROM page_header(get_raw_page('t',0));

0/20529F8
(1 row)

3aBepIIUM TpaH3aKIuIo.

=> COMMIT;

COMMIT

[To3unus B KypHajie CHOBa U3MEHUJIaCh:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/2052A20
(1 row)

Pa3mep ¢parmMeHTa X)ypHana (B 6aiiTax), COOTBETCTBYIOIINI HAlllel TPAH3aKI[UH:
=> SELECT pg_wal_lsn_diff('0/2052A20', '0/20529B0');

pg wal_lsn_diff

Be3yCJ’IOBHO, B KypHaJ I1orragaeT I/IH(l)OpMaL[I/IH 000 Bcex IEeUCTBUAX BO BCEM KJjlaCcTepe, HO B JaHHOM CJly4Yae MbIL
paCCHYUTBEIBA€M Ha TO, YTO B CUCTEME€ HUYEero He IMPOUCXOOHUT.

Bot camu 3anucu:



=> SELECT xid, record_type, record_length, end_lsn-start_lsn occupied
FROM pg_get_wal_records_info('0/20529B0', '0/2052A20")
ORDER BY start_lsn;

xid | record type | record length | occupied

----- B Lt T T
788 | HOT_UPDATE | 70 | 72
788 | COMMIT | 34 | 40
(2 rows)

3aMeTHM, 4TO M3-3a BRIPABHUBAHUS [JIMHA 3alMCH OOBIYHO MEeHbIle, YeM 3aHUMaeMoe el MecTo (cTomber] occupied).

VBumeTh comepKUMOe KypHajla MOXKHO U C ITIOMOIIBI0 yTUnuTH pg waldump. Ona MmoxkeT paborats ¢ guana3onoMm LSN (kak
B 9TOM IIpUMepe), BEIOpATh 3alIUCH AJIS ONPENEJIEHHOTO OTHOLIEHUS U OTHAEIBHOTO CJIOS, a TaKKe /IS OTHEIbHON CTPAaHUIILI
WJIN YKa3aHHOM TpaH3aKUuu. B oTnuyme oT paciuperus pg walinspect, yTUIUTONR MOXKHO IIOTH30BaThCS U Ha
OCTaHOBJIEHHOM CepBepe, IIPU 3TOM en HY2KEH JOCTYII Ha YTeHHe XYPHaJIbHBIX (bafmon, IIO3TOMY MBI BEIIIOJTHUM KOMaHOy OT
WMEHH CyIepIIoIb30BaTels:

student$ sudo /usr/lib/postgresql/16/bin/pg_waldump \
-p /var/lib/postgresql/16/main/pg_wal \
-s 0/20529B0 -e 0/2052A20 \
000000010000000000000002 000000010000000000000002 \
| fold -sw 100

rmgr: Heap len (rec/tot): 70/ 70, tx: 788, lsn: 0/020529B0, prev 0/02052970,
desc: HOT_UPDATE old_xmax: 788, old_off: 1, old_infobits: [], flags: 0x01, new_xmax: 0, new off: 2,
blkref #0: rel 1663/16390/16398 blk 0

rmgr: Transaction len (rec/tot): 34/ 34, tx: 788, lsn: 0/020529F8, prev 0/020529B0,
desc: COMMIT 2025-04-09 21:22:15.162159 MSK

M&1 BUAMM 3ar0JI0BKU KYPHAJIbHBIX 3amnucen:

e omepanus HOT UPDATE, oTHOCsIIasACs K U3MeHeHHO! cTpaHulle (rel+blk),
e omnepanus COMMIT c ykazaHueM BpeMeHH.



of] PROFESSIONAL

BoccTaHOB/1eHue Pos{gres

Auroputm (YypOLLIeHHBIN)

TIpY CTapTe cepBepa rocse cH6ost
(cocTosiHue KnacTepa B pg_control oTMuaeTcs oT «shut down»):
1. [ KaXK/0M »KypHaIbHOM 3aMucu:
1.1. onpefieniTh CTpaHULLy, K KOTOPOM OTHOCHTCS 5Ta 3aluCh
1.2. npuMeHUTSH 3anuchk, eciu ee LSN 6ornbiite, uem LSN cTpaHUIbI

2. epe3arncarhb He)KypHaipyeMble Tabnuipl init-gaitnamu

14

Ecnu B paboTe cepBepa npowusoLlen cboi, To Npu nocnenyoLwem 3anycke
npouecc startup (3anyckaemblit postmaster-om B caMoM Havasie paboTbl)
06HapyXuT 3TO, NOCMOTPEB B dpaitn pg_control n yBnaes ctaTyc, OT/IMYHbIN
oT «shut downx». Torga aBTomMaTU4eckn 6yaeT BbINOSIHEHO BOCCTAHOB/IEHNE,

Mpovecc startup 6yaeT nocnefoBaTesibHO YNTATb XYPHa U NPUMEHATL
3annucu K cTpaHuuam, ec/im B 3TOM eCTb HE0OXOANMOCTb (4TO MOXHO
npoBepuTb, cpaBHMB LSN cTpaHuubl Ha gnucke ¢ LSN XypHasibHOW 3anncm).
\3MeHeHune cTpaHuL npoucxoauT B 6ydhepHOM Kelle, Kak npu 06bI4YHON
pabote — Ans 3TOro postmaster 3anyckaet Heoo6xoauMble POHOBbIE
npoLecchl.

AHaNOMMYyHO 3anmMcy NPUMEHSOTCA U K dhalinam: Hanpumep, ecnn 3anncb
FOBOPUT O TOM, YTO oaiin AOMKEH CYLLECTBOBATb, a ero HeT — doaiis
co3pgaeTcs.

B KOHLIe npoLecca Bce HeXypHanimpyeMble Tabnvubl nepesanncbiBatoTcs
C NnomMoLLbo 06pa3os B init-channax.

B PostgreSQL 15 peanim3oBaHa BO3MOXHOCTb NpeaBbIOOPKN faHHbIX
XXypHasia npy BOCCTaHOB/IEHMN — 3a 3TO OTBeYaeT napameTp
recovery_prefetch. o ymonyaHuio ero 3HavyeHne — try (npeaBblbopka
ncronb3syertcs, ecnun ee nogaepxmsaet OC). Ecnn npeaBbibopka BKIKOYEHA,
TO 3HayeHune napametpa wal_decode_buffer_size onpepenseT, Kak Aaneko
cepBep byaeT 3arnsabiBaTb B XXYpHasl, YUTOObI HAUTU TaM HOMEpPa HYXHbIX
cTpaHuy,

MpuBeAEHHbIV anropuTM ABMSETCA YNPOLWEHHbIM. B 4aCTHOCTU, Mbl HUYETO
He cKka3asin 0 TOM, C Kakoro MmecTta Hafl0 HaunHaTb YTEHUE XYPHasTbHbIX
3anuceit (3To 6yaeT paccMOTPeHOo B TeMe «KOHTPO/IbHAsA ToUKa»).



of] PROFESSIONAL

Toru Posigres

Wcnonb3oBaHue 6yepoB B orepaTUBHOM MaMsATH
TIPUBOAUT K HEOOXOZMMOCTH >KyPHa/TUPOBaHUS

JKypHasn cozep>XuT vH(popMaluto,
TTO3BOJISIFOIIYIO TIOBTOPHO BBITIOHUTE OTE€PAIiH ocjie cOost
1 BOCCTaHOBUTb COI/IaCOBAHHOCTh

)KypHaJI BCerjd 3dITMCbIBdAeTCA Ha AWUCK 0 TOro,
KdK 3dlMTMCbIBAOTCA U3MEHEHHBIE CTPaHHLBI IdHHBIX
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of] PROFESSIONAL

[1pakTnKa Pos{gres

1. Co3paiite TabnuIly ¢ MepBUYHBIM KJTFOUOM U J0OaBLETE B Hee
HEeCKO/IbKO CTPOK. CKO/IbKO OaliT 3aHMMaloT CreHepUpOBaHHbIe
JKypHaJ/IbHbIe 3ar1cu?

2. UYem MOXXHO OOBSICHUTBH IOBOJIBHO 0OOJIBIIIOE MX UMCIIO?
[TpocMOTpHTE 3ar0/IOBKU 3TUX )KYPHA/IbHBIX 3alycei
Y TIPOBEPbTE CBOU MPEATOJIOKEHHS.

3. W3menuTe mo0aB/ieHHbIe B TaOMUIy CTPOKH. CHOBA U3MEHUTE
CTPOKHM, HO He (hUKCUPYUTe TpaH3akiyi0. ChIMUTUPYITE COOM,
TIpepBaB Mpoliecc postmaster.
3amyctuTe cepBep U yoequTech, uTo 3aMKCUPOBaHHbBIE
M3MeHeHUs He Mporiau, a He3ahMKCUpOBaHHAsK TPaH3aKI[Us
obopBaHa. Haiiyte nHGOpMaIfio 0 BOCCTaHOBJIEHUH ITOCIe
c6os1 B )KypHasie coo011jeHu# cepBepa.
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2. MOXHO BOCMO/Ib30BaTbCA YTUANTON pg_waldump nam paclumpeHnem
pg_walinspect.

3. Bocnonb3yntecb KoMaHa0Mm
$ sudo kill -QUIT Homep-npouecca

Homep npouecca HaxoanTcsa B NepPBO CTPOKe (hainia postmaster.pid
B kataniore PGDATA cepBepa.



1. PasMep XKypHa/JIbHbBIX 3alIHCEeH

=> CREATE DATABASE wal_log;

CREATE DATABASE

=> \c wal_log

You are now connected to database "wal log" as user "student".
3anoMHUM HavaJlbHYIO IIO3ULMIO B XKypHAaJe:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/1FD1AC8
(1 row)

Co3pmagumM Tabnuly ¥ JO0aBUM CTPOKH:

=> CREATE TABLE t(
id integer PRIMARY KEY,
s text

)i

CREATE TABLE

=> INSERT INTO t VALUES (1, 'A'), (2, 'B'), (3, 'C');
INSERT 0 3

3arnoMHUM KOHEYHYIO [T03HUIIHIO:

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/1FD5380
(1 row)

Pa3mep XypHa/IbHBIX 3alllCEN:
=> SELECT '0/1FD5380'::pg_lsn - '0/1FD1AC8'::pg_lsn;

?column?

2. CocTaB XKypHAJIbHBIX 3alHCEeH

XKypuanbHBIN (an:
=> SELECT pg_walfile_name('0/1FD1AC8"');

pg_walfile_name

000000010000000000000001
(1 row)

IToHamo6uTcs pacimuperue pg walinspect:
=> CREATE EXTENSION pg_walinspect;
CREATE EXTENSION

CMOTpHUM 3alUCH:

=> SELECT start_lsn, xid, resource_manager, record_type,
regexp_match(block_ref, 'rel (\d+\/\d+/\d+) fork (\w+) blk (\w+)') AS bref
FROM pg_get_wal_records_info('0/1FD1AC8', '0/1FD5380');

start _1sn | xid | resource manager | record type | bref

0/1FD1AC8 | 0 | Storage | CREATE |



0/1FD1AF8
0/1FD1BDO
0/1FD1C10
0/1FD1C50
0/1FD1CA8
0/1FD1CFO
0/1FD1D38
0/1FD1E10
0/1FD1E50
0/1FD1E90
0/1FD1EE8
0/1FD1F30
0/1FD1F78
0/1FD2060
0/1FD20A0
0/1FD20EO
0/1FD2120
0/1FD2250
0/1FD2290
0/1FD22D0O
0/1FD2310
0/1FD2350
0/1FD2678
0/1FD26C0O
0/1FD2700
0/1FD2748
0/1FD2788
0/1FD27D0O
0/1FD2810
0/1FD2858
0/1FD2898
0/1FD28EO
0/1FD2920
0/1FD2968
0/1FD29A8
0/1FD29F8
0/1FD2A40
0/1FD2A80
0/1FD2AD8
0/1FD2B20
0/1FD2B68
0/1FD2B98
0/1FD2BC8
0/1FD2C98
0/1FD2CD8
0/1FD2D28
0/1FD2D68
0/1FD2F18
0/1FD2F60
0/1FD2FA0Q
0/1FD2FE8
0/1FD3028
0/1FD3070
0/1FD30B0O
0/1FD3358
0/1FD3408
0/1FD3450
0/1FD3490
0/1FD34D8
0/1FD3518
0/1FD3560
0/1FD35A0
0/1FD35E8
0/1FD3628
0/1FD3670
0/1FD36B0O
0/1FD36F8
0/1FD3738
0/1FD3768
0/1FD3798
0/1FD3868
0/1FD38A8
0/1FD3900
0/1FD3940
0/1FD3A70
0/1FD3AB8
0/1FD3AF8
0/1FD3B40
0/1FD3B80O
0/1FD3C50

744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744
744

Heap
Btree
Btree
Heap2
Btree
Btree
Heap
Btree
Btree
Heap2
Btree
Btree
Heap
Btree
Btree
Btree
Heap2
Btree
Btree
Btree
Btree
Heap2
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Heap
Btree
Btree
Heap2
Btree
Btree
Standby
Storage
Heap
Btree
Btree
Btree
Heap2
Btree
Btree
Btree
Btree
Btree
Btree
Heap2
Heap2
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Btree
Storage
Standby
Heap
Btree
Btree
Btree
Heap2
Btree
Btree
Btree
Btree
Heap
Btree

INSERT
INSERT_LEAF
INSERT LEAF
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
INSERT
INSERT LEAF
INSERT_LEAF
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
INSERT
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
MULTI_INSERT
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
MULTI_INSERT
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
INSERT
INSERT_LEAF
INSERT_LEAF
MULTI INSERT
INSERT_LEAF
INSERT_LEAF
LOCK

CREATE
INSERT
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
MULTI_INSERT
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
MULTI_INSERT
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
CREATE

LOCK

INSERT
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
INSERT LEAF
INSERT
INSERT_LEAF

{1663/16390/1247 ,main, 14}
{1663/16390/2703,main, 2}
{1663/16390/2704,main, 2}
{1663/16390/2608,main, 2}
{1663/16390/2673,main, 4}
{1663/16390/2674,main,7}
{1663/16390/1247 ,main, 14}
{1663/16390/2703,main, 2}
{1663/16390/2704,main, 4}
{1663/16390/2608,main, 3}
{1663/16390/2673,main, 4}
{1663/16390/2674,main,5}
{1663/16390/1259,main, 0}
{1663/16390/2662,main, 2}
{1663/16390/2663,main, 2}
{1663/16390/3455,main, 1}
{1663/16390/1249,main, 17}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/1249,main, 17}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1664/0/1214,main, 0}

{1664/0/1232,main, 1}

{1664/0/1233,main, 1}

{1663/16390/2608,main, 3}
{1663/16390/2673,main, 8}
{1663/16390/2674,main,7}

{1663/16390/1259,main, 0}
{1663/16390/2662,main, 2}
{1663/16390/2663,main, 2}
{1663/16390/3455,main, 1}
{1663/16390/1249,main, 17}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/1249,main, 17}
{1663/16390/1249,main,56}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}

{1663/16390/1259,main, 0}
{1663/16390/2662,main, 2}
{1663/16390/2663,main, 2}
{1663/16390/3455,main, 1}
{1663/16390/1249,main, 56}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2610,main, 0}
{1663/16390/2678,main, 1}



0/1FD3C90 | 744 | Btree
0/1FD3CDO | 744 | Heap2
0/1FD3D50 | 744 | Btree
0/1FD3D98 | 744 | Btree
0/1FD3DEO | 744 | Btree
0/1FD3E28 | 744 | Btree
0/1FD3E70 | 744 | XLOG
0/1FD3F0O | 744 | Heap
0/1FD3FCO | 744 | Heap
0/1FD4098 | 744 | Heap
0/1FD40E8 | 744 | Heap2
0/1FD4140 | 744 | Btree
0/1FD4188 | 744 | Btree
0/1FD41D0 | 744 | Storage
0/1FD4200 | 744 | Standby
0/1FD4230 | 744 | Heap
0/1FD4300 | 744 | Btree
0/1FD4340 | 744 | Btree
0/1FD4388 | 744 | Btree
0/1FD43C8 | 744 | Heap2
0/1FD4478 | 744 | Btree
0/1FD44B8 | 744 | Btree
0/1FD44F8 | 744 | Heap
0/1FD45CO | 744 | Btree
0/1FD4600 | 744 | Btree
0/1FD4640 | 744 | Heap
0/1FD4700 | 744 | Btree
0/1FD4740 | 744 | Btree
0/1FD4788 | 744 | Btree
0/1FD47D0 | 744 | Btree
0/1FD4810 | 744 | Btree
0/1FD4850 | 744 | Heap2
0/1FD48A8 | 744 | Btree
0/1FD48FO | 744 | Btree
0/1FD4938 | 744 | Heap2
0/1FD4990 | 744 | Btree
0/1FD49D8 | 744 | Btree
0/1FD4A20 | 744 | XLOG
0/1FD4ABO | 744 | Heap
0/1FD4B70 | 744 | Heap
0/1FD4C30 | 744 | Transaction
0/1FD5178 | 745 | Heap
0/1FD51B8 | 745 | Btree
0/1FD5218 | 745 | Btree
0/1FD5258 | 745 | Heap
0/1FD5298 | 745 | Btree
0/1FD52D8 | 745 | Heap
0/1FD5318 | 745 | Btree
0/1FD5358 | 745 | Transaction
(130 rows)

Brauvare (mo nepsoi onepaiuu COMMIT) npoucxoguT akTuBHas paboTa ¢ TabnuiiaMu 1 UHAEKCaMU CUCTEMHOTO KaTaJjiora.

INSERT_LEAF
MULTI_INSERT
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
FPI

INPLACE
INPLACE
HOT_UPDATE
MULTI_INSERT
INSERT_LEAF
INSERT LEAF
CREATE

LOCK

INSERT
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
INSERT
INSERT_LEAF
INSERT_LEAF
INSERT
INSERT_LEAF
INSERT LEAF
INSERT_LEAF
INSERT_LEAF
INSERT_LEAF
MULTI_INSERT
INSERT LEAF
INSERT_LEAF
MULTI_INSERT
INSERT_LEAF
INSERT_LEAF
FPI

INPLACE
INPLACE
COMMIT
INSERT+INIT
NEWROOT
INSERT_LEAF
INSERT
INSERT_LEAF
INSERT
INSERT LEAF
COMMIT

{1663/16390/2679,main, 1}
{1663/16390/2608,main, 3}
{1663/16390/2673,main, 8}
{1663/16390/2674,main, 7}
{1663/16390/2673,main, 8}
{1663/16390/2674,main, 7}
{1663/16390/16395,main, 0}
{1663/16390/1259,main, 0}
{1663/16390/1259,main, 0}
{1663/16390/1259,main, 0}
{1663/16390/2608,main, 3}
{1663/16390/2673,main, 8}
{1663/16390/2674,main, 7}

{1663/16390/1259,main, 0}
{1663/16390/2662,main, 2}
{1663/16390/2663,main, 2}
{1663/16390/3455,main, 1}
{1663/16390/1249,main,56}
{1663/16390/2658,main, 15}
{1663/16390/2659,main, 10}
{1663/16390/2610,main, 0}
{1663/16390/2678,main, 1}
{1663/16390/2679,main, 1}
{1663/16390/2606,main, 2}
{1663/16390/2579,main, 1}
{1663/16390/2664,main, 1}
{1663/16390/2665,main, 1}
{1663/16390/2666,main, 1}
{1663/16390/2667,main, 1}
{1663/16390/2608,main, 3}
{1663/16390/2673,main, 5}
{1663/16390/2674,main, 7}
{1663/16390/2608,main, 3}
{1663/16390/2673,main, 8}
{1663/16390/2674,main, 7}
{1663/16390/16396,main, 0}
{1663/16390/1259,main, 0}
{1663/16390/1259,main, 0}

{1663/16390/16391,main, 0}
{1663/16390/16396,main, 1}
{1663/16390/16396,main, 1}
{1663/16390/16391,main, 0}
{1663/16390/16396,main, 1}
{1663/16390/16391,main, 0}
{1663/16390/16396,main, 1}

3a cyeT 3TOTO pasmMep 3anucey u IIOJIy4YHJICA CyLIeCTBEHHO 0orbllle, YeM B AOeMOHCTpPaluu.

3. BoccTaHOBJ/IeHHE IIOCJIe C00st

OOGHOBIISIEM CTPOKH:

=> UPDATE t SET s = 'F00';
UPDATE 3

=> BEGIN;

BEGIN

=> UPDATE t SET s = 'BAR';

UPDATE 3

IIpepelBaeM OCHOBHOM CEPBEPHEIN IPOIIECC.

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

176096

student$ sudo kill -QUIT 176096

student$ sudo pg ctlcluster 16 main status

pg ctl: no server running



3amyckaeM CepBep.

student$ sudo pg_ctlcluster 16 main start

TIpoBepsieM U3MEHEHUS:
student$ psql wal_log

=> SELECT * FROM t;

id | s

T
1 | FOO
2 | FOO
3 | FOO

(3 rows)

2KypHan coobuieHunw:

student$ tail -n 6 /var/log/postgresql/postgresql-16-main.log

2025-04-09 21:44:22.936
2025-04-09 21:44:23.003
at least 24, got 0
2025-04-09 21:44:23.003
user: 0.00 s, system: 0.
2025-04-09 21:44:23.198
wait

2025-04-09 21:44:25.577

MSK [177270] LOG: redo starts at 0/1BA64F0
MSK [177270] LOG: invalid record length at 0/1FDAF18: expected

MSK [177270] LOG: redo done at 0/1FDAEFO system usage: CPU:
01 s, elapsed: 0.06 s
MSK [177268] LOG: checkpoint starting: end-of-recovery immediate

MSK [177268] LOG: checkpoint complete: wrote 939 buffers (5.7%);

0 WAL file(s) added, O removed, 0 recycled; write=0.032 s, sync=2.306 s, total=2.392 s;

sync files=308, longest=
1sn=0/1FDAF18, redo lsn=

2025-04-09 21:44:25.601

0.023 s, average=0.008 s; distance=4306 kB, estimate=4306 kB;
0/1FDAF18
MSK [177267] LOG: database system is ready to accept connections



