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Kypnan nipep3zarvicu (WAL)
Jlornueckoe U (pu3ryecKoe yCTPOUCTBO KypHasa

[Tporiecc yripekaaroiiei 3aricy U BOCCTaHOB/IEHHe
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>KypHan npeasannciu Pos}gres

OcHOBHas 3a/iaya

BO3MO>XHOCTBH BOCCTAHOBJ/IEHHMSA COITIACOBAHHOCTU AdHHBIX ITOC/Ie cbog

MexaHusm

IprU U3MEHEHWU [JdHHbIX ,LIEI‘/JICTBI/IE TdKJXKe 3dlMMChIBAETCA B XKYPHaJl
JKyYPHaJ/IbHAaA 3dIlKiCh I10IaJaeT Ha JWCK PAHbIIIe U3MEHEHHBIX JdHHBIX

BOCCTaHOBJIEHHE T0C/Ie CO0S1 — TIOBTOPHOE BBITIOJTHEHHE TTOTePSTHHBIX
orepaLyi C MOMOLLBIO )KYPHA/IbHBIX 3alliCen

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».

B cnyyae c6051 MOXHO NPoYUTaTb XYypHasl U NPy HEOBXOAMMOCTU NOBTOPUTH
Te onepaumm, KOTopble yXXe Obl/Iv BbINOIHEHbI, HO Pe3y/ibTaT KOTOPbIX He
ycnen nonacTb Ha [IMCK.

https://postgrespro.ru/docs/postgresal/16/wal-intro
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YTO 3alULLEHO XYPHaUIOM Posigres

V3meHeHue MOOBIX CTpaHUI] B OydepHOM Keliie
B TOM 4HCJ/ie CTPAHHULIBI TH6J'II/IL[ 1 MHOEKCOB
KpPOMe HE>KyPHA/IUPYeMbIX ¥ BpDEMEHHBIX Tab/IHI]

dukcarus ¥ oTMeHa TpaH3akimii — Oydepsl CLOG

dailsioBbIe oreparuu

Co3/aHue U ynasneHue ¢aiios
nobaByieHre U yaaieHue CTPaHUL] haityioB
Co3/jaHKe U yjlajieHre KaTajloroB

>XypHanupoBaTb HYy)XHO BCe ornepauun, Npu BbINOSTHEHUN KOTOPbIX
BO3MOXHa cuUTyauus, 4to npu c6oe naMeHeHns (MNn YacTb U3MEHEHUI)
He fouayT A0 Aucka.

B 4aCTHOCTM, B XXypHas 3anucbiBatoTcs cneaytolime aeicTBus:

* M3MEeHeHue cTpaHuy, B bydpepHOM Kelle (Kak npaBuio, 3TO CTPaHuLpbI
Tabnvy 1 MHAEKCOB) — TakK Kak M3MeHeHHas CTpaHuua nonagaeT Ha ANCK
He cpasy;

e (omKcauua n oTMeHa TpaH3akLMi — TOYHO Tak XXe, U3MeHeHue ctaTtyca
npoucxoant B 6ydpepe CLOG 1 nonagaet Ha ANCK He cpasy;

* (palinosble onepauun (cosgaHne 1 yganeHune gaiiioB 1 Katasoros,
Hanpumep, co3gaHne guainioB Npu co3gaHnm Tabnumubl) — Tak Kak 3Tu
onepaumn A40/MKHbl MPOUCXOANTb CUHXPOHHO C M3MEHEHNEM AaHHbIX.

Mpy 3TOM B XXypHas He 3anuncbiBaOTCS:

e onepauun c HeXypHanupyemMbiMu Tabnuuamm — nx HazBaHue roBopuT
camo 3a cebs;

* onepauuu ¢ BpeMeHHbIMI Tab/IMLamMmmn — OHW CYLLIECTBYHOT He A0/bLue,
yeM co3AaBLUMIA UX CeaHc, U NO3TOMY He HYXAatoTCs B BOCCTAHOB/IEHUM.
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Jlornyeckoe yCTPOUCTBO Pos{gres

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

LSN

\]

0 «HOMep»
3anuecu

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

JIOrMYeCKM XypHasT MOXHO NpeAcTaBUTbL cebe Kak Noc/iefoBaTe/IbHOCTb
3annceit passiMuyHoi ASIMHbI. Kaxkaas 3annchb COAEPXUT AaHHble

0 HEKOTOpPOW onepauun, NpeaBapeHHbIe 3aro/flIoBKOM. B 3arosioske,

B UMC/Ie NPOYETO, yKasaHsbl:

* HOMep TpaH3aKkuuun, K KOTOpOVI OTHOCUTCA 3alunCb,

* MeHeKep pPecypcoB — KOMMOHEHT CUCTEMbI, OTBETCTBEHHbI 3@ AaHHYIO
3anuncb, KOTOPbI NOHUMAET, Kak MHTEPNPEeTUpoBaTb AaHHble. ECTb
oTAeNbHble MeHemMKepbl ANA Tabnuu, 415 KaXkAoro Tmna nHaekca, osis
crtaryca TpaH3akuumi n 1. n.;

e KOHTposibHasa cymma (CRC).

HaunHas c Bepcum 16 paclumpeHmnst MoryT co3fgaBaTb COOCTBEHHbIE
MeHeIKepbl pECypCcoB, UCMONb3yoLLMe cneyudmyecknii popmar an1s CBOUX
3anuceit WAL. DT0 NOMOXeT pa3paboTumkam co3faBaTtb paclunMpeHms,
peanunsylolLe HoBble Tab/IMUHbIE Y UHAEKCHbIE METO/bI AOCTYNA.

https://postgrespro.ru/docs/postgresql/16/custom-rmaqr

[nsa Toro 4To6bLI COCNAaThCA Ha OnpeesieHHYIo 3anucb, UCNOMb3YEeTCA TUN
AaHHbIX pg_Isn (LSN = log sequence number) — 64-6UTHOE YnChoO,
npeacTasnsouee coboin 6anToBoe CMeLleHne 40 3anncyu OTHOCUTESTbHO
Havyasia XypHasna.

Hauasio kaxkgon 3anncu BblpaBHMBAETCS Mo rpaHnue MallMHHOIO C/10Ba,
3TO OfHa N3 NPUYNH ABOMYHOI HecoBMecTUMOCTM WAL Ha pasHbIX
nnatrgoopmax.

https://postgrespro.ru/docs/postaresqgl/16/datatype-pg-lsn
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Jlormyeckoe yCTPOMCTBO XKypHaIa

COHCOK MEHe/PKEPOB PECYPCOB IOKAaXKET YTHINTA 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 BBEIBOAMTCA KaK JjBa 32-6MTHBIX YMCJIA B IIIeCTHAAIIaTEPUYHOM CHCTEMe Yepes KOCYI0 YepTy.
TexyIast IIOSUIUS B )KypHaJIe:
=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/1BAFOFO
(1 row)

IIpu IIOMOIIY YyTHINTEI pg_waldump u nosgBuBIIerocs B 15-i Bepcuu PostgreSQL paciinpeHus pg_walinspect MbI MO>KeM
HCCJIEIOBATE COIEPIKUMOE JKypHasIa IIpe/3arucH.

CoszaguM 6a3y JaHHBIX M yCTaHOBUM paclIdpeHHe (UTOOBI BOCIIOIb30BAaThCS paclIipPeHHeM, POJIb JO/DKHA OBITh BKJIOYeHa B
pg_read_server_files 1u 6BITH CyIIepIIOJIb30BaTeIbCKOM):

=> 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

HamMm noHazo6uTcs He6osIbIIast Tabuma:

=> CREATE TABLE t(note text);

CREATE TABLE

[ToJIyYnM TeKYIIYIo II03UITHIO0 B )KYpHAaJIe, II0CJIe Yero BCTaBUM B TabJIHITY CTPOKY:
=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/1FF11C8
(1 row)

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

Temephb IMO3UIIHS )KypHaJIa TaKast:



=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/1FF1230
(1 row)

IIocMOTPHM, KaKHe 3aIIFCH II0SIBUJINCH B )KypHAaJIe:

=> SELECT resource_manager, record_length, xid, start_lsn, prev_lsn, record_type, description
FROM pg_get_wal_records_info('0/1FF11C8"','0/1FF1230')

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

ORDER BY start_1lsn \gx

[ RECORD 1 J----dmmmmmmmmmmm e o
resource_manager | Heap

record length 59

xid 746

start_1lsn 0/1FF11C8

prev_1lsn 0/1FF1188

record type INSERT+INIT

description off: 1, flags: 0x00

+
|
|
I
I
|
|
|
<[ RECORD 2 J--=-mmmmmmmmmmmmmmmoeomceeeoemae
I
|
|
|
I
I
|

resource _manager | Transaction

record length 34

xid 746

start lsn 0/1FF1208

prev_lsn 0/1FF11C8

record type COMMIT

description 2025-06-23 23:44:39.072774+03

Onepanus INSERT+INIT uHHITHAIU3HPYeT CTPAHUILY U f00aBJIsIeT B Hee BEPCHUI0 CTPOKH, onepanusi COMMIT ¢ukcupyeT
TPaH3aKIHIO.

s 3anircu INSERT+INIT B oKypHaJie coxpaHsieTcsi 610K JaHHBIX, COfleprKallliil 3SHaueHUs 110J1el BCTaB/IsIeMOM BePCUH CTPOKH.
PacmpeHue I103BOJISIET YBUZETH 3TU HaHHBIe (B cTos1611e block_data MOYKHO pas/IMYUTh KOl CUMBOJIOB /06aBJIeHHOM CTPOKH):

=> SELECT * FROM pg_get_wal_block_info('0/1FF11C8','0/1FF1208"') \gx

block fpi_info
description
block data
block fpi data

off: 1, flags: 0x00
\x01000208180009464 f4f

-[ RECORD 1 ]----- R R
start_1lsn | 0/1FF11C8
end lsn | 0/1FF1208
prev_1lsn | 6/1FF1188
block_id | 0
reltablespace | 1663
reldatabase | 16390
relfilenode | 16398
relforknumber | ©
relblocknumber | ©
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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dunsnyeckoe yCTpOmUCTBO Pos{gres

wal_buffers

— T
w

$PGDATA/pg_wal/
000000010000000100000001
000000010000000100000002
000000010000000100000003
000000010000000100000004
000000010000000100000005

000000010000000100000006

B namsaTu

KOJTbIIeBOH OyhepHbIi Kelll

() wal_buffers =-1

Ha nucke

(atinbl (cermeHThI) 110 16 MbB

Ha ancke xypHan xpaHuTcs B BUAe (painnoB (CErMEHTOB) B KaTasiore
PGDATA/pg_wal. Kaxaplin dpaiin no ymonyaHuo 3aHMmaeTt 16 M6aiiT.
Pasmep cermeHTa MOXET ObITb 3a4aH Npu NHULnanmM3aumm Kknacrtepa.

YXypHasibHble 3anucy nonagatoT B TEKYLMIA dhalin; Koraa oH 3anosiHsaeTcst —

HauMHaEeT UCNO/b30BaTbCS CNeayoLLWiA,

B onepaTtuBHO namAT AN1S XypHana BblAesieHbl cneyyasbHble bydiepbl.
Pa3mep kewa 3agaetcsa napameTpom wal_buffers (3HauyeHMe NO YMOTHaHUIo

nogpasymMmeBaeT aBTOMaTUYECKY0 HACTPOWMKY: Bblaensietca 1/32 yacTb

OychepHoro kella, Ho He MeHbLUe Yem 64 K6anT 1 He 6o/blue Yem pasmep

onHoro cermeHta WAL).

>KypHasbHbIil Kew YyCTPOeH Hanogobue 6ydepHoro kewwa, Ho paboTaet

NPEeUMYLLECTBEHHO B pEXUME KOMbLIeBOro 6ydpepa: 3anucy o6aBnsioTcs

B «r0/10BY» Oychepa, a 3anncbiBalOTCA Ha AMCK C «XBOCTa».



du3nYecKoe yCTPOHCTBO >KypHaJIa

Pa3Mep Kellla )KypHaJsia B 001l ITaMSITH:
=> SHOW wal_buffers;

wal buffers

Bce )xypHasbHEIE Qaliybl (CerMeHThI) HaXoAATca B KaTastore /var/lib/postgresql/16/main/pg_wal/, ux Taxoke II0Kas3bpIBaeT
creruaabHas QYHKITHS:

=> SELECT * FROM pg_ls_waldir() LIMIT 160;

name | size | modification

000000010000000000000001 | 16777216 | 2025-06-23 23:44:39+03
(1 row)

ViMeHa ¢aiisioB cOCTaBJIeHbI U3 TpeX uHcesl. IlepBoe — HOMep JIMHUH BpeMeHH (KCII0/Ib3yeTCs IIPY BOCCTAaHOBJIEHHUH 13 apXHUBa),
a [iBa CIeyIoINX — CTapIIue paspsagsl LSN.

Pa3Mep ¢aiiyioB MOKHO 33/IaTh IIPH MHUITHATU3AINH KIacTepa, 110 yMoI4aHuio — 16 M6a#T.
3anuch INSERT+INIT HaxozuTcs B 9TOM darie:
=> SELECT pg_walfile_name('0/1FF1230"');

pg_walfile_name

000000010000000000000001
(1 row)

TeKyIIHil CETMeHT:
=> SELECT pg_walfile_name(pg_current_wal_insert_lsn());

pg walfile name

000000010000000000000001
(1 row)
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Ynpexagaroulasa 3annchb Pos{gres

pg_current_wal_insert_Isn()

CLOG WAL

LSN

MponNICTPMPYEM CKa3aHHOE Bbille NPO YNPEeXAatoLLyo 3anuch.
Ha cnalige nokasaHbl TpM BaXkHble 061acTy 06LLEe NamMsATK aK3eMnaspa:

* 6ydepHbInt Kew (pa3mepom shared_buffers),

* TOJIbKO YTO pacCMOTPEHHbIN XypHasbHbI Keww WAL (pasmepom
wal_buffers),

* Kell COCTOSIHMA TpaH3aKuuii, Ha3biBaemblii Takke CLOG (pasmepom
128 cTpaHuu).

[Mpn n3MeHeHNN CTpaHuLbl AaHHbIX B OydhepHOM Kelle hopmMmpyeTca
XypHasibHas 3anncb. OHa nomewaeTcs B CTPaHULYy XypHasa, a ccblfika
Ha 3anuckb (a TouHee ee LSN + anvHa, 10 ecTb LSN cnieaytouleii 3anmcm)
3anucbiBaeTcs B crneynasibHoe nose LSN B 3aro/ioBke CTpaHuLbl AaHHbIX.

[Mo3nymo 4Nnsa 3anmcy MOXHO Y3HaTb C MOMOLLbI0 QOYHKLNK
pg_current_wal_insert_Isn().
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Ynpexagaroulasa 3annchb Pos{gres

pg_current_wal_insert_Isn()

LSN m

CLOG WAL

LSN

10

Jonyctym, ganee nponcxogut pukcaumsa TpaHsakumn. [4ns atoro
doopmuMpyeTcs elle of4Ha XypHasibHasa 3anncb, MEHSETCH OUT COCTOSAHUSA
Ha cTpaHuue CLOG u ccbisika Ha 3Ty 3anucb npoctasnaetcsa B none LSN
N3MEHEHHOWN CTPaHuLpbI.

Mpw BCTaBke ykasatesb pg_current_wal_insert_lsn capuraetcsa Bnepeq.

3ameTum, 4YTo Mexay 3anMcamMm, OTHOCALMMACS K O4HOW TpaH3akuum, MoryT
nonacTb 3anucu Apyrnx TpaH3akunin, oTHocALWMXCS K n6oi BA. XypHan —
06NN ANnsa BCero kacrepa.



Ynpexagaroulasa 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 — OyAeT pacCMOTPEHO

B Teme «HacTpolika XypHasna») XypHasibHble 3anncu, KoTopble eLle He
nonasiv Ha AUCK, A0/MKHbI HA HEro NonacTb.

®yHKumMsa pg_current_wal_Isn() nokasbiBaeT NOCMEAHIOK 3anunch, yxe
follenlyo Ao Ancka.



Ynpexagaroulasa 3annchb Pos{gres

i

LSN 3

CLOG WAL

LSN

O

12

TonbKO Mocne Toro, Kak Ha AUCK nonasiv XXypHasibHble 3anmcu, MoryT ObiTb
3anucaHbl U caMu N3MEHEeHHbIe CTpaHuubl. NopAaoK KOHTPOIMpyeTcA

c yyetom LSN nocnegHero nameHeHua cTpaHuubl N TeKYLLEero COCTOAHMA
pg_current_wal_Isn. Mpn aTom paboTa npoaos/mKaeTcs, B XypHas oyayT
nonagarb HOBblE N HOBbIE 3anncu. [NaBHoe, YToObI 3annck ¢ LSN
nocrieAHero N3MeHeHnsa CTpaHnupbl yXxe Gblsia Ha guUcke.

Ecnn okaxeTcs, 4To cTpaHuua AaHHbIX Ao/mMKHa ObITh 3anvMcaHa (Hanpumep,
OHa BbITeCHSeTCA U3 6ydhepHOro Kewa), a XypHasibHas 3anuchb eLle He
nonana Ha AMUCK, XypHasibHble 6ydiepbl copackiBatoTCS MPUHYAUTENBHO.



Vipexparomias sanuch

Ms! 6y/ieM 3aIJIsAbIBaTh B 3aT0JI0BOK TaOJIUYHOHN CTPAaHUIIBL. JIJIg 3TOTO IIOHAZ06UTCS paclIupeHue:
=> CREATE EXTENSION pageinspect;

CREATE EXTENSION

HauHeM TpaH3aKIIHIO.

=> BEGIN;

BEGIN

Teky1ast IO3UITHUS U TEKYIITUH CEIMeHT )KypHaJa:

=> 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

0/206A0C0O | 000000010000000000000002
(1 row)

V3MeHUM CTPOKY B TabJIuIle:

=> UPDATE t SET note = 'BAR';

UPDATE 1

[To3uIys B )KypHaJsle U3MeHUIach:

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/206A108
(1 row)

ITOT >ke HoMep LSN (M1 MeHBIIINMH, eC/IH B JKypHAaJI II0IIaIH JOIIOJHUTEeIbHbIe 3aIIHCH) MBI Hal/leM U B 3aroJIOBKe H3MeHeHHOHN
CTPaHMUIIBL:

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

0/206A108
(1 row)

3aBepINM TPaH3aKIHIO.

=> COMMIT;

COMMIT

IIo3HIMA B )KypHaJsle CHOBa H3MeHIJIACh:

=> SELECT pg_current_wal_insert_lsn();

pg _current wal insert lsn

0/206A130
(1 row)

Pa3mep ¢pparMeHTa >KypHasia (B 6aiiTax), COOTBeTCTBYIOIIMI HallleH TpaH3aKI[UH:
=> SELECT pg_wal_lsn_diff('0/206A130', '0/206A0C0');

pg_wal_lsn_diff

Be3yCJIOBHO, B ’KypHaJI I1ormagaeT I/IHCI)OpMaI.II/IH 060 Bcex IEeMCTBUIX BO BCeEM KJ1acTepe, HO B JaHHOM CjIy4ae MBI paCCUUTbIBaeM
Ha TO, YTO B CUCTEME HHUYEro He IIPOUCXOAUT.

BoT camu 3aniucu:



=> SELECT xid, record_type, record_length, end_lsn-start_lsn occupied
FROM pg_get_wal_records_info('0/206A0C0","'0/206A130")
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)

3aMeTuM, UTO H3-3a BbIpaBHHUBAHUA [JJIMHA 3allCH 00BIYHO MEHBIIIE, UeM 3aHUMAaeMOe e MeCTo (CTOJ'IﬁeLI occupied).

VBUJIETH COZleprKUMOe XKypHasla MO>KHO U C IIOMOIILI0 YTHINTE pg_waldump. OHa Mo>keT pa6oTaTh ¢ fuanasoHoM LSN (kak B
3TOM IIpUMepe), BEIGPATh 3aIIUCH /I OIIpe/ie/IeHHOT0 OTHOIIIEHUS ¥ OT/IeIbHOTO CJI0S, & TaKoKe /IS OT/IeIbHOM CTPaHUIIbI HIIU
yYKa3aHHOH TpaH3aKIIUH. B 0T/IMYMe OT paciiupeHus pg_walinspect, yTHIIUTOM MOKHO I10JIb30BaTHCS U HAa OCTAHOBJIEHHOM
cepBepe, IIPY 3TOM el HY’K€H JIOCTYII Ha YTEeHUe KYPHAIbHBIX GakyIoB, I03TOMY MBI BBIIIOJTHUM KOMaHIy OT UMEHH
CyIIepII0/Ib30BaTeJIs:

student$ sudo /usr/lib/postgresql/16/bin/pg_waldump \
-p /var/lib/postgresql/16/main/pg_wal \
-s 0/206A0CO -e 0/206A130 \
000000010000000000000002 000000010000000000000002 \
| fold -sw 100

rmgr: Heap len (rec/tot): 70/ 70, tx: 788, lsn: 0/0206A0C0, prev 0/0206A080,
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: 0/0206A108, prev 0/0206A0C0,
desc: COMMIT 2025-06-23 23:44:41.848421 MSK

M5!I BUJIM 3aT0JIOBKH JKyPHAaJIbHBIX 3aITHCeH:

e onepanust HOT_UPDATE, oTHocsII[asAcs K ©U3sMeHeHHOI cTpaHutie (rel+blk),
e omneparuss COMMIT ¢ ykasaHHeM BpeMeHH.



of] PROFESSIONAL

BoccTaHOB/1eHue Pos{gres

AropuTM (YNpPOIEeHHBIN)

TIpY CTapTe cepBepa rocsie coost
(cocrosinue kacrepa B pg_control oTmuaeTcs oT «shut down»):
1. fnst KaXKI0M >KypHa/IbHOM 3arvCu:
1.1. onpefeuTe CTpaHULLy, K KOTOPOW OTHOCHUTCS 3Ta 3alycCh
1.2. npuMeHUTBH 3amuch, ecu ee LSN 6obiiie, uem LSN cTpaHuUIp

2. Tiepe3arvcaTh HeXXypHaIMpyeMble TaOmuIpbl init-haiiiamu
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Ecnn B paboTte cepBepa npousoLuen cooin, To Npu nocnenyowem 3anycke
npouecc startup (3anyckaemblil postmaster-om B caMOM Havasne paboThbl)
0OHapYXUT 3TO, NOCMOTPEB B dhain pg_control n ysuaes cratyc, OT/INYHbIN
oT «shut down». Torga aBToMatnyeckn 6yaeT BbINO/IHEHO BOCCTaHOB/EHME.

Mpouecc startup 6yaeT nocsiefoBaTeslbHO YNTATh XYPHau1 U NPUMEHATL
3anucuy K cTpaHuuam, ecsiv B 3TOM eCTb He0OXOANMOCTb (4TO MOXHO
NpoBepuTb, cpaBHMB LSN cTpaHuubl Ha gucke ¢ LSN XypHabHOWR 3anucn).
\3mMeHeHune cTpaHuL nponucxoauT B 6ydhepHOM Kelle, Kak npu 06bI4YHON
paboTe — A1 3TOro postmaster 3anyckaeTt HeobxoanMble POHOBbIE
npoLiecchl.

AHaNOrM4YyHO 3anmcy NPUMEHSOTCA 1 K dhalinam: Hanpumep, ecnn 3anncb
rOBOPUT O TOM, YTO dpaiin QOKEH CYLLLECTBOBATb, a ero HeT — chalin
co3pgaeTcs.

B kOHUe npouecca Bce HeXypHasiMpyeMble Tab/vubl nepe3annucbiBatoTcs
C nomoubio 06pas3oB B init-dhaiinax.

B PostgreSQL 15 peanun3oBaHa BO3MOXHOCTb NpeABblO0PKM AaHHbIX
XXypHasia npy BOCCTAHOB/IEHMM — 3a 3TO OTBeYaeT napamertp
recovery_prefetch. o ymonyaHuo ero 3HadyeHne — try (npensblioopka
ncrnonb3lyetcs, ecnu ee nogaepxmnsaet OC). Ecnn npeaBblbopka BKOYEHA,
TO 3HayeHue napametpa wal_decode_buffer_size onpeaenset, Kak gasieko
cepBep byaeT 3arnaabiBaTb B XXypHasl, YTOObI HANTM Tam HOMepPa HYXXHbIX
cTpaHuy,

MpuBeAeHHbIN anropuTm ABASETCS YNPOLEHHbIM. B 4aCTHOCTH, Mbl HAYETO
He cKasasin 0 TOM, C KaKkoro MecTta Hao0 HaunHaTb YTeHME XYPHasIbHbIX
3anuncei (3To ByaeT paccMoTpeHo B TeMe «KOHTpO/ibHasi Touka»).



of] PROFESSIONAL

Toru Posygres

Wcnonb3oBaHue OyepoB B orepaTuBHOM MaMsTH

MPUBOJUT K HEOOXOIUMOCTH >KypHa/IMPOBaHUS

’KypHan copep>XuT UH(popmaruto,

TI03BOJISIFOLIYIO TIOBTOPHO BBITIOJTHUTE OTepaLiyu rnoce cbos
Y BOCCTaHOBUTh COIVIACOBAHHOCTH

JKypHait Bcerzia 3ammchIBaeTCsl Ha JIMCK /10 TOTO,
KaK 3alyChIBalOTCS M3MEHEHHbIe CTPAHUIL[bI JaHHbIX

15



of] PROFESSIONAL

[1pakTuka Pos{gres

1. Co3patiTe TabnMIly ¢ IepBUYHBIM K/TFOUOM U 100aBBETE B Hee
HEeCKO/IbKO CTPOK. CKOJIbKO OalT 3aHUMaroT CreHeprupoBaHHbIe
JKypHaJIbHbIe 3arich?

2. YeM MOXHO OOBSICHUTE JOBOJIBHO OOJIBITIOE UX UKCIIO?
[IpocMOTpUTE 3aro/I0BKU 3THUX XKYPHA/IbHBIX 3aiCen
Y TIPOBEpETEe CBOM MPEZTI0/IOKEHHUS.

3. W3wmenure fobaBneHHble B Tabmuily cTtpoku. CHOBa 3MeHUTe
CTPOKH, HO He (PUKCUPYUTe TpaH3aKLuio. CEIMUTHPYITE COOM,
TipepBaB Mpoljecc postmaster.
3amycture cepBep U ybenuTech, uTo 3aMKCUPOBaHHBIE
M3MeHeHMs He TIPOTiajiv, a He3aUKCHMpOoBaHHas TpaH3aKIIUsI
obopBaHa. Haiiiure nHbOpMaI|io 0 BOCCTaHOB/IEHHH TI0C/Ie
c0Oo0s1 B KypHasie coo0I1ieHul cepBepa.
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2. MOXHO BOCMNO/b30BaTbLCA YTUANTON pg_waldump uam paclumpeHnem
pg_walinspect.

3. Bocnosnb3yntecb KoMaHaoMm
$ sudo kill -QUIT Homep-npoyecca

Homep npouecca HaxoanTcsa B NePBO CTPOKe haina postmaster.pid
B KaTtasiore PGDATA cepBepa.



1. Pasmep >KypHaJIBLHBIX 3amucen

=> CREATE DATABASE wal_log;

CREATE DATABASE

=> \c wal_log

You are now connected to database "wal log" as user "student".
3aloMHUM HavaJIbHYIO IIO3UIUIO B )KypHaJIe:

=> SELECT pg_current_wal_insert_lsn();

pg_current_wal_insert_lsn

0/1FE8CCO
(1 row)

Co3afguM TabIHITy U 06aBUM CTPOKH:

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

);

CREATE TABLE

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

3aII0MHUM KOHEUHYI0 IT03UIIHIO:

=> SELECT pg_current_wal_insert_lsn();

pg current wal insert lsn

0/1FEC578
(1 row)

Pa3smep >KypHaJIbHBIX 3allMCeH:
=> SELECT '0/1FEC578'::pg_lsn - '0/1FE8CCO'::pg_lsn;

?column?

2. CocTaB )KypHaJIbHBIX 3anuceil

JKypHa/IbHBIHN daiir:
=> SELECT pg_walfile_name('0/1FE8CCO0"');

pg_walfile_name

000000010000000000000001
(1 row)

IToHamo6uTCs pacuIupeHue pg_walinspect:
=> CREATE EXTENSION pg_walinspect;
CREATE EXTENSION

CMOTpPHM 3aIIHCH:

=> 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('0/1FE8CCO', '0/1FEC578');

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

0/1FE8CCO | 0 | Storage | CREATE |



0/1FE8CFO
0/1FE8DC8
0/1FESE08
0/1FE8E48
0/1FESEAOQ
0/1FE8EE8
0/1FE8F30
0/1FE9008
0/1FE9048
0/1FE9088
0/1FE90OEO
0/1FE9128
0/1FE9170
0/1FE9240
0/1FE9280
0/1FE92C0O
0/1FE9300
0/1FE9430
0/1FE9470
0/1FE94B0O
0/1FE94F0
0/1FE9530
0/1FE9858
0/1FE98A0
0/1FE98EO
0/1FE9928
0/1FE9968
0/1FE99B0O
0/1FE99F0
0/1FE9A38
0/1FE9A78
0/1FE9ACO
0/1FE9B0O
0/1FE9B48
0/1FE9B88
0/1FE9BD8
0/1FE9C20
0/1FE9C60
0/1FE9CB8
0/1FE9DOO
0/1FE9D48
0/1FE9D78
0/1FE9DA8
0/1FE9E78
0/1FE9EB8
0/1FE9F08
0/1FE9F48
0/1FEA110
0/1FEA158
0/1FEA198
0/1FEAILEOQ
0/1FEA220
0/1FEA268
0/1FEA2A8
0/1FEA550
0/1FEA600
0/1FEA648
0/1FEAG88
0/1FEAGDO
0/1FEA710
0/1FEA758
0/1FEA798
0/1FEA7EO
0/1FEA820
0/1FEA868
0/1FEA8BA8
0/1FEA8FO
0/1FEA930
0/1FEA960
0/1FEA990
0/1FEAAGO
0/1FEAAAO
0/1FEAAF8
0/1FEAB38
0/1FEAC68
0/1FEACBO
0/1FEACFO
0/1FEAD38
0/1FEAD78
0/1FEAE48

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}



0/1FEAE88 | 744 | Btree | INSERT_LEAF | {1663/16390/2679,main, 1}
0/1FEAEC8 | 744 | Heap2 | MULTI_INSERT | {1663/16390/2608,main,3}
0/1FEAF48 | 744 | Btree | INSERT_LEAF | {1663/16390/2673,main, 8}
0/1FEAF90 | 744 | Btree | INSERT_LEAF | {1663/16390/2674,main,7}
0/1FEAFD8 | 744 | Btree | INSERT_LEAF | {1663/16390/2673,main,8}
0/1FEB020 | 744 | Btree | INSERT_LEAF | {1663/16390/2674,main,7}
0/1FEB068 | 744 | XLOG | FPI | {1663/16390/16395,main,0}
0/1FEBOF8 | 744 | Heap | INPLACE | {1663/16390/1259,main,0}
0/1FEB1B8 | 744 | Heap | INPLACE | {1663/16390/1259,main,0}
0/1FEB278 | 744 | Heap | HOT_UPDATE | {1663/16390/1259,main,0}
0/1FEB2C8 | 744 | Heap2 | MULTI_INSERT | {1663/16390/2608,main,3}
0/1FEB320 | 744 | Btree | INSERT_LEAF | {1663/16390/2673,main, 8}
0/1FEB368 | 744 | Btree | INSERT_LEAF | {1663/16390/2674,main,7}
0/1FEB3BO | 744 | Storage | CREATE

0/1FEB3EO | 744 | Standby | LOCK

0/1FEB410 | 744 | Heap | INSERT | {1663/16390/1259,main, 0}
0/1FEB4EO | 744 | Btree | INSERT_LEAF | {1663/16390/2662,main,2}
0/1FEB520 | 744 | Btree | INSERT_LEAF | {1663/16390/2663,main,2}
0/1FEB568 | 744 | Btree | INSERT_LEAF | {1663/16390/3455,main, 1}
0/1FEB5A8 | 744 | Heap2 | MULTI_INSERT | {1663/16390/1249,main,56}
0/1FEB658 | 744 | Btree | INSERT_LEAF | {1663/16390/2658,main, 15}
0/1FEB698 | 744 | Btree | INSERT_LEAF | {1663/16390/2659,main, 10}
0/1FEB6D8 | 744 | Heap | INSERT | {1663/16390/2610,main,0}
0/1FEB7A0 | 744 | Btree | INSERT_LEAF | {1663/16390/2678,main, 1}
0/1FEB7EO | 744 | Btree | INSERT_LEAF | {1663/16390/2679,main, 1}
0/1FEB820 | 744 | Heap | INSERT | {1663/16390/2606,main,2}
0/1FEB8EO | 744 | Btree | INSERT_LEAF | {1663/16390/2579,main, 1}
0/1FEB920 | 744 | Btree | INSERT_LEAF | {1663/16390/2664,main, 1}
0/1FEB968 | 744 | Btree | INSERT_LEAF | {1663/16390/2665,main, 1}
0/1FEB9BO | 744 | Btree | INSERT_LEAF | {1663/16390/2666,main,1}
0/1FEB9FO | 744 | Btree | INSERT_LEAF | {1663/16390/2667,main, 1}
0/1FEBA30 | 744 | Heap2 | MULTI_INSERT | {1663/16390/2608,main,3}
0/1FEBA88 | 744 | Btree | INSERT_LEAF | {1663/16390/2673,main,5}
0/1FEBADO | 744 | Btree | INSERT_LEAF | {1663/16390/2674,main,7}
0/1FEBB18 | 744 | Heap2 | MULTI_INSERT | {1663/16390/2608,main,3}
0/1FEBB70 | 744 | Btree | INSERT_LEAF | {1663/16390/2673,main, 8}
0/1FEBBB8 | 744 | Btree | INSERT_LEAF | {1663/16390/2674,main,7}
0/1FEBCOO | 744 | XLOG | FPI | {1663/16390/16396,main,0}
0/1FEBC90 | 744 | Heap | INPLACE | {1663/16390/1259,main,0}
0/1FEBD50 | 744 | Heap | INPLACE | {1663/16390/1259,main,0}
0/1FEBE10 | 744 | Transaction | COMMIT

0/1FEC370 | 745 | Heap | INSERT+INIT | {1663/16390/16391,main,0}
0/1FEC3B0O | 745 | Btree | NEWROOT | {1663/16390/16396,main,1}
0/1FEC410 | 745 | Btree | INSERT_LEAF | {1663/16390/16396,main,1}
0/1FEC450 | 745 | Heap | INSERT | {1663/16390/16391,main,0}
0/1FEC490 | 745 | Btree | INSERT_LEAF | {1663/16390/16396,main,1}
0/1FEC4DO | 745 | Heap | INSERT | {1663/16390/16391,main,0}
0/1FEC510 | 745 | Btree | INSERT_LEAF | {1663/16390/16396,main,1}
0/1FEC550 | 745 | Transaction | COMMIT

(130 rows)

BHauaute (o nepBoii oneparuu COMMIT) IpoHCXOAUT aKTHBHas paboTa ¢ TabIHUIIaMHU U UH/jeKCaMH CHCTeMHOT0 KaTaJIora. 3a
CUeT 3TOr0 pasMep 3aIKCel U IIOJIYYMJICI CYIeCTBEHHO 60JIbIle, YeM B IeMOHCTPALIMH.

3. BoccTaHOBJIEHHE ITOC/IE COOSI

OGHOBJISIEM CTPOKH:

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

=> BEGIN;

BEGIN

=> UPDATE t SET s = 'BAR';

UPDATE 3

[IpeprIBaeM OCHOBHOM CEPBEPHEIH ITPOIfecC.

student$ sudo head -n 1 /var/lib/postgresql/16/main/postmaster.pid
52016

student$ sudo kill -QUIT 52016

student$ sudo pg_ctlcluster 16 main status

pg ctl: no server running



3amyckaeM cepBep.

student$ sudo pg_ctlcluster 16 main start
IIpoBepsieM U3MeHEHUsT:

student$ psql wal_log

=> SELECT * FROM t;

id s

mmmeee -
1 | FOO
2 | FOO
3 | FOO

(3 rows)

JKypHaJ1 coob1ieHuH:
student$ tail -n 6 /var/log/postgresql/postgresql-16-main.log

2025-06-24 00:09:51.955 MSK [53202] LOG: redo starts at 0/1BAF040

2025-06-24 00:09:52.027 MSK [53202] LOG: invalid record length at 0/1FF2110: expected at
least 24, got 0

2025-06-24 00:09:52.027 MSK [53202] LOG: redo done at O0/1FF20E8 system usage: CPU: user:
0.00 s, system: 0.02 s, elapsed: 0.07 s

2025-06-24 00:09:52.312 MSK [53200] LOG: checkpoint starting: end-of-recovery immediate
wait

2025-06-24 00:09:54.749 MSK [53200] LOG: checkpoint complete: wrote 942 buffers (5.7%);
0 WAL file(s) added, O removed, 0 recycled; write=0.051 s, sync=2.327 s, total=2.450 s;
sync files=308, longest=0.025 s, average=0.008 s; distance=4364 kB, estimate=4364 kB;
1sn=0/1FF2110, redo lsn=0/1FF2110

2025-06-24 00:09:54.775 MSK [53199] LOG: database system is ready to accept connections



