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IlaBanTe NO3HaAKOMUMMCH

8 neT onbiTa aAMUHUCTPUPOBAHUSA 1 Pa3paboTKM B Pa3fINYHbIX
BblICOKOHarpy>xeHHbix CYB[] B T.4. Postgresq|

Moyt 14 neT onbiTa NPOrpaMMMpPOBaHNA Ha Pa3HbIX
A3blKax

8 neT onbiTa aAMUHUCTPUPOBAHUSA N pa3paboTkn B
UNIX onepaunoHHbIx cuctemax

OnbIT TEXHNYECKOoW aKkcnepTm3bl 1c

HeT HMYyero HeEBO3MOXXKHOIo - 0EeBu3
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Cuma-neHa — 31O KpynHen

y
A
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B Poccuu ontoBas KoMnaHUs
co3pnaHHaa B 2000 roay 1

Mbl npooaém ToBapbl AN Aoma, paboTbl U

oTabixa.

Halum KnneHTbI: MenKkue 1 KpyrHble ONTOBUKMA, .
TOProBble CEeTV 1 NPOCTbIE PO3HUYHBIE A
NoKynaTesnu.

bonee 40TB 8Tb 450+ yen

75K TPS Bonee 100 900
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[MpnumnHbl nepexoga Ha ZFS

TepHucTbIv NyTb nepexona Ha COW

NnnaH
npeseHTauunn

TeopeTnyeckada yacTb

Cxema Kak OHO paboTaeT y HaC 1 HIOAHCbI
HacTpowkn ZFS

3Kcr|ep|/||v|eHTaana9| 4aCTb 1 BbiBObl
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n Bbonblioe konnyectso mawuvH B LO/

[Mpo6nembl
KOTopble Hac
npusenn K COW
BCneacreue
60J/1bLLUOIro pocTa
KOMMaHUN
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n Bbonblioe konnyectso mawuvH B LO/

[Mpo6nembl

HeobxoammocTb 60bLLIOro ANCKOBOIo
KOTOpbI€ HAC npocTpaHcTBa (OUcKoB)
npusenn K COW
BCleacrBume

60J/1bLLUOIro pocTa
KOMMaHNN
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Bonbloe konnyectso mawuH B LUO,

[Mpo6nembl
KOTopble Hac
npusenn K COW
BCneacreue
60J/1bLLUOIro pocTa
KOMMaHUN

HeobxoammocTb 601bLLOro0 ANCKOBOIO
npocTpaHcTBa (ONCKOB)

Tpebyemoe BpemMs Ha BOCCTaHOBMEHME AN
KaXa0un MalluHbl
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[Mpo6nembl
KOTopble Hac
npusenn K COW
BCneacreue
60J/1bLLUOIro pocTa
KOMMaHUN

Bonbloe konnyectso mawuH B LUO,

HeobxoammocTb 601bLLOro0 ANCKOBOIO
npocTpaHcTBa (ONCKOB)

Tpebyemoe BpemMs Ha BOCCTaHOBMEHME AN
KaXa0un MalluHbl

CHWm>XeHune CKOPOCTU N Ka4veCTBa
TeCTnpoBaHNA KOAa
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Bonbloe konnyectso mawuH B LUO,

[Mpo6nembl
KOTopble Hac
npusenn K COW

HeobxoammocTb 601bLLOro0 ANCKOBOIO
npocTpaHcTBa (ONCKOB)

Tpebyemoe BpemMs Ha BOCCTaHOBMEHME AN

BCneacreBume Kaykgoi MaLUMHbI
GOJ'IbLIJOFO POCTa CHM>XEeHMe CKOPOCTU 1 Ka4yecTBa
KOMMNaHUu TECTUPOBaAHUSA KOAA

Heya400CTBO 1 HEYNPAaBASAEMOCTb
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KaK mbl

CAPYXXUSNCDb C
COW?
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[lepBOHa4yasnibHO cxema C %
TeCTOBbIMN KOHTYpaMI
Bbirngaena rtak
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Hanee nponsowina
MoandukKaumna npuLLIIIn K

COW btrfs
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Y6panu ceTeBble 3aepXKKu l
ISCSI nepewnn Ha MSSQL on 4
linux |§} \i;; =
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10.66.20.0/24 port 5432

10.66.6.10/24 port 5432
¥

10.66.6.12/24 port 5437 »
proxy

NMouemy 6bl He caenaTtb C
postgresql?

O
backend 127.0.0.1/24 port 5434 backend 127.0.0.1/24 port 5435
backend 127.0.0.1/24 port 5433
e
-—‘_- [ -—'_-
Ve e v
. H W N —— n
postgresql nrigin instance pnstgresq] instance pnstgresqi instance pnstgresq{ instance

= = =

bt E é n birfs 5ngn§ng1 éTRFS COW snapshots pirfs nsnshot birfs sngpshot 3

= brici
fmnt /mnt/snap1 /mnt/snap2 /mnt/snap3
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ZFS vs BTRFS
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ZFS — COW?

® Read-Modify-Write: npoyecTb Becb 3kcTeHT (Read), nameHuTb
ero B cepeauHe (Modify), npocuntatbh HOBYIO KOHTPO/IbHYIO
CYMMY U BbIMOJIHUTb 3aNMUCb IKCTEHTa uenmkom (Write).

® Redirect-Write: naHHble 3KCTeHTa 3anNUCcbiBalOTCA B HOBOeE (NycToe) mMecTo, 1 3aTem
B MeTaZlaHHble NPOonU3BOAUTCA aTOMapHasa 3anucb, BKAOYaloLLLas B cebst HOBYIO
KOHTPO/IbHYIO CYMMY Y HOBOE PacCroOXKeHMe 3KCTeHTa. A cTapoe MecTo rae
NlaHHble 3KCTEHTa NIeXann paHblle, NoMmeyaecsa Kak cBoboaHoe.
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OTHOCUTENbHasA NPON3BOAUTENBHOCTb
no cpaBHeHuto ¢ gpyriumu CoW fs

[Toyemy >e BCe-Taku
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OTHOCUTENbHasA NPON3BOAUTENBHOCTb
no cpaBHeHuto ¢ gpyriumu CoW fs

yMeeT B 6/104Hble YCTPONCTBA

[Touemy )xe BCe-Taku




OTHOCUTENbHasA NPON3BOAUTENBHOCTb
no cpaBHeHuto ¢ gpyriumu CoW fs

ymMmeeT B 6/104YHbIE YCTPOWCTBA

ObICTpOE CO3aaHne U yaoaneHmne
CHanLWOTOB JaHHbIX




OTHOCUTESbHAdA NPOU3BOANTENBHOCTb
no cpaBHeHuto ¢ gpyrummn CoW fs

ymMmeeT B 6/104YHbIE YCTPOWCTBA

ObICTpOE CO3aaHne U yaoaneHmne
CHanLWOTOB JaHHbIX

€CTb K3LU B OI'IepaTI/IBHOIZ MaMAaTn
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[Touemy )xe BCe-Taku

OTHOCUTESbHAdA NPOU3BOANTENBHOCTb
no cpaBHeHuto ¢ gpyrummn CoW fs

ymMmeeT B 6/104YHbIE YCTPOWCTBA

ObICTpOE CO3aaHne U yaoaneHmne
CHanLWOTOB JaHHbIX

€CTb K3LU B OI'IepaTI/IBHOIZ MaMAaTn

RMW + RW
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Ho ecTb n MUHYCbI

Hago 60osblle onepaTMBHOM NAMATY

OTOeSIbHbIN OUCK Noj, XXYPHallbl

pe3epBnpoBaHne cBO6OOHOro MecTa Ha AUCKe
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[Mlepenpem K npakTU4eCKOMyY
NPYMEHEHNI0 COBMECTHO C

PostgreSQL

CINNIOHbl HUKOIAA
HE 3ABbLIBAIOT

U OHU HUYEIO
HE NMPOLWLAIOT
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Cxema, KaK OHO

paboTaeT y Hac

ZIL journal on fdev/sdc
logs

aaUR U SaIE150 4 L

Zfs po
lorigin/g

Etgres
ostgres

—bE—a—mnunt loriginfsnap1 to containe

- o

zfs snapshot
forigin/snap1

———

sjoysdeus pmoo 547

L J

zfs snapshot
lorigin/snap?

———

re plicgtic-n

port 5432

postgresqgl replica

postgresgl Master

Docker

Idevisda

Container 1

postgresql promote instance 1

Container 2

-
S mount foriginfsnap2 to container

—

| FIFITT »)]
| FITITT #|

riry

postgresql promote instance 2

Container 3

zfs snapshot
lorigin/snap3

E: mount foriginfsnap3 to container 3

postgresqgl promote instance 3
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Cxema, KaK OHO
paboTaeT y Hac

Zfs on fievisdb
fongin

0gs

aaUR U SaIE150 4 L

Zfs po
lorigin/g

sjoysdeus pmoo 547

re plicgtic-n

port 5432

Etgres

ostgresgl replica
ostgres postgresairEp

- o

zfs snapshot
forigin/snap1

—bE—a—mnunt loriginfsnap1 to containe

postgresgl Master

Docker

Idevisda

Container 1

postgresql promote instance 1

Container 2

———

L J

zfs snapshot
lorigin/snap?

———

-
S mount foriginfsnap2 to container

—

| FIFITT »)]
| FITITT #|

riry

postgresql promote instance 2

Container 3

zfs snapshot
lorigin/snap3

E: mount foriginfsnap3 to container 3

postgresqgl promote instance 3
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Cxema, KaK OHO
paboTaeT y Hac

Zis po
forigin/g

re plicgtic-n

........... port 5432

e T

postgresqgl replica

—bE—a—mnunt loriginfsnap1 to containe

- o

zfs snapshot
forigin/snap1

postgresgl Master

Docker

Idevisda

Container 1

postgresql promote instance 1

Container 2

———

aaUR U SaIE150 4 L
sjoysdeus oo 547

ZIL journal on fdev/sdc
logs

L J

-
S mount foriginfsnap2 to container

zfs snapshot
lorigin/snap?

———

—

| FIFITT »)]
| FITITT #|

riry

postgresql promote instance 2

Container 3

E: mount foriginfsnap3 to container 3

zfs snapshot
lorigin/snap3

postgresqgl promote instance 3
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Cxema, KaK OHO
paboTaeT y Hac

ZIL journal on fdev/sdc
logs

T

zfs on /gevisdb e
il 1 Jorigin/g

aaUR U SaIE150 4 L

replication postgresql Master

Docker

Idevisda

Container 1

........... port 5432

postgresqgl replica

postgresql promote instance 1

}%—mnunt loriginfsnap1 to containe

Container 2

s R—

zfs snapshot
lorigin/snap1

sjoysdeus pmoo 547

mount foriginfsnap2 to container

—

| FIFITT »)]
| FITITT #|

riry

postgresql promote instance 2

zfs snapshot

Container 3

lorigin/snap2

mount foriginfsnap3 to container 3

zfs snapshot

postgresqgl promote instance 3

lorigin/snap3
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replication postgresql Master

Docker

Container 1

Idevisda

___________ port 5432

Cxema, KaK OHO
p a 6 OT a eT y H a C is on ffevisdb ;'nzrif;ir?.ﬁggsgtgfes postgresql replica
: postgresql promote instance 1

e
—r%mnum forigin/snap1 to container Cﬁﬁtai ner 2

2
= o
o0
% o | zfs snapshot
€ = | Jorigin/snap1
o
=z
22|
T > larining i ,
§ g 1ount /origin/snap2 to container postgresql promote instance 2
ZIL journal on /devisdc i
logs zfs snapshot CﬂﬂtalﬂE‘r 3
lorigin/snap2 o

’ | —=
mount /origin/snapd to container 3

postgresql promote instance 3

zfs snapshot
lorigin/snap3
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HacTtpownka zfs n zpool

® [lo ymonyaHuto zfs 3abupaet 50% obbema gOCTYNHOM onepaTUBHOW NaMATMW.
[ToaTOMYy HEOOXOAMMO BbIMMCIINTL HYXHbIN 06bemM ARC kawa ang Tekyuero
nyna no ¢opmyne 1GB+(4GB * Ha kaxkgbii 1TB ns ZPOOL)

[root@zfstest:/# echo "options zfs zfs_arc_min=4294967296" > /etc/modprobe.d/zfs.conf

root@zfstest:/# echo "options zfs zfs_arc_max=8589934592" >> /etc/modprobe.d/zfs.conf
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HacTtpownka zfs n zpool

® [lo ymonyaHuto zfs 3abupaet 50% obbema gOCTYNHOM onepaTUBHOW NaMATMW.
[ToaTOMYy HEOOXOAMMO BbIMMCIINTL HYXHbIN 06bemM ARC kawa ang Tekyuero
nyna no ¢opmyne 1GB+(4GB * Ha kaxkgbii 1TB ns ZPOOL)

[root@zfstest:/# echo "options zfs zfs_arc_min=4294967296" > /etc/modprobe.d/zfs.conf

root@Pzfstest:/# echo "options zfs zfs_arc_max=8589934592" >> /etc/modprobe.d/zfs.conf

® [lo ymonyaHutio zfs pasmeyaet ZIL Ha ogHO 61104HOE YCTPOMCTBO C ZPOool.
Tak kak ZIL 3To »XypHan HaMepeHn, TO AN CHXKEHUSA Harpy3Ky BBOAa — BbIBOAA
Ha zpool pekomeHayeTCs BblAENUTb OTAENbHbIN OANCK N pa3MeTuTb Ha Hero ZIL.



PGCONF.RUSSIA 2024

HacTtpownka zfs n zpool

® [lo ymonyaHuto zfs 3abupaet 50% obbema gOCTYNHOM onepaTUBHOW NaMATMW.
[ToaTOMYy HEOOXOAMMO BbIMMCIINTL HYXHbIN 06bemM ARC kawa ang Tekyuero
nyna no ¢opmyne 1GB+(4GB * Ha kaxkgbii 1TB ns ZPOOL)

[root@Rzfstest:/# echo "options zfs zfs_arc_min=4294967296" > /etc/modprobe.d/zfs.conf

root@zfstest:/# echo "options zfs zfs_arc_max=8589934592" >> /etc/modprobe.d/zfs.conf

® [lo ymonyaHutio zfs pasmeyaet ZIL Ha ogHO 61104HOE YCTPOMCTBO C ZPOool.
Tak kak ZIL 310 >xypHan HamepeHunn, To ANs CHMXEHUSA Harpy3Ky BBOAa — BbIBOAA
Ha zpool pekomeHayeTcs BblAENUTb OTAENbHbIN ANCK N Ppa3MeTuUTb Ha Hero ZIL.

® [lo ymonuanuio ZFS BbigenseT 6nokn guHamudeckn ot 512 po 16M, 1.k. postgres
onepupyeT CTpaHuuamu pasmepom 8k, To pekoMeHayeTcs Ans nofydyeHns 6onbLero Kon-
Ba TPS «wkecTko» 3agaTb napamMeTp BblaefieHns 610OKOB COOTBETCTBYIOLLVM pa3MepPoM

zfs set recordsize="8k" origin
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JTarnbl TECTUPOBaHUS

S00008

Co3aaHue snapshot ¢ penavku

BcTaBKa AaHHbIX B MepPBUYHbIN cepBep U
snapshot, oueHKa pe3ynbTaTta BAMAHUA Ha
snapshot n penamky

YnaneHue gaHHbIX B penauke n snapshot
COOTBETCTBEHHO, OLEHKa BAUAHMA Ha shapshot
N pennuky

ANALYZE Ha snapshot

VACUUM Ha snhapshot

BbiBOA, 3aKNtO4eHNE
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Co3paHue cHenwoTa C penjinku

zfs snapshot origin/postgres@postgres_snapl

zfs clone origin/postgres@postgres snapl origin/postgres_snapl




PGCONF.RUSSIA 2024

Co3paHue cHenwoTa C penjinku

zfs snapshot origin/postgres@postgres_snapl
zfs clone origin/postgres@postgres snapl origin/postgres_snapl

[anee Heobxoanmo 3anyctutb docker KOHTEMHEP N caenaTb Pg._promote

version: '3.1'

docker-compose --compatibility -f docker-compose.yml

SErvices:

temechik:
image: postgres:15.5—-bookworm
restart: always
shm_size: "Eghl
ports:
NEABE

"exec" -u postgres dbtest psql -d postgres -c "SELECT
pg_promote();"

environment:
PGDATA: /postgres
BbinonHeHue KOMaHAbl pg_promote nocne 3anycka volumes:
v - forigin/fpostgres_snapl/://postgres
KOHTeMHepa - fdocker—pg/postgresqgl.conf:/postgres/postgresql.conf
- fdocker—pg/pg_hba.conf:/postgres/pg_hba.conf
- fdocker—-pg/po_ident.conf:/postgres/pg_ident.conf

Docker-compose.yml
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'padunK n3ameHeHns pasmepa pensinku ' padunK nameHeHns pasmepa CHanwoTa

REPLICA SNAPSHOT

3.65 GiB

16.8 MiB

3.65 GiB

16.7 MiB
3.65 GiB

16.7 MiB
3.65 GiB

3.65 GiB 16.7 MiB

3.65 GiB 16.6 MiB

3.65 GiB
16.6 MiB

3.65 GiB

15:42:15 15:42:30 15:42:45 15:43:00 15:43:15 15:43:30 15:43:45 15:44:00 15:45:30 15:45:45 15:46:00 15:46:15 15:46:30 15:46:45 15:47:00 15:47:15
Max Min Delta Max Min Delta

= origin/postgres(REPLICA) 3.65GiB 3.65GiB 211KiB = origin/postgres@snap1(SNAPSHOT) 16.8 MiB 16.6 MiB 173 KiB
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'padunK n3ameHeHns pasmepa pensinku ' padunK nameHeHns pasmepa CHanwoTa

REPLICA SNAPSHOT

3.65 GiB

16.8 MiB

3.65 GiB

16.7 MiB
3.65 GiB

16.7 MiB
3.65 GiB

3.65 GiB 16.7 MiB

3.65 GiB 16.6 MiB

3.65 GiB
16.6 MiB

3.65 GiB

15:42:15 15:42:30 15:42:45 15:43:00 15:43:15 15:43:30 15:43:45 15:44:00 15:45:30 15:45:45 15:46:00 15:46:15 15:46:30 15:46:45 15:47:00 15:47:15
Max Min Delta Max Min Delta

= origin/postgres(REPLICA) 3.65 GiB 3.65 GiB' 211 KiB = origin/postgres@snap1(SNAPSHOT) 16.8 MiB 16.6 MiB( 173 KiB
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YpananeHue gaHHbIX C penyiuku

DELETE FROM boarding passes;

REPLICA

5.4 GB

5.2 GB

5GB

4.8 GB

4.6 GB

4.4 GB

4.2 GB

4 GB

3.8 GB

3.6 GB

3.4GB
16:53:50 16:54:00 16:54:10 16:54:20 16:54:30 16:54:40 16:54:50 16:55:00 16:55:10 16:55:20 16:55:30 16:55:40

Max Min Delta
= origin/postgres(REPLICA) 5.31GB 3.65GB 1.66 GB
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YpananeHue gaHHbIX C penyiuku

DELETE FROM boarding passes;

REPLICA

5.4 GB

5.2 GB

5GB

4.8 GB

4.6 GB

4.4 GB

4.2 GB

4 GB

3.8 GB

3.6 GB

3.4GB
16:53:50 16:54:00 16:54:10 16:54:20 16:54:30 16:54 40 16:54:50 16:55:00 16:55:10 16:55:20 16:55:30 16:55:40

Max Min Delta
= origin/postgres(REPLICA) 5.31GB 3.65GL 1.66 GB
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Mouemy Tak? YpaneHue gaHHbIX NPUBOAUT K POCTY?
O6bsiCHEHUnE KpoeTcH nocsie yaaneHus 3asncnmoro snapshot pennukum

REPLICA : NAME USED AVATL REFER
56 GB origin 5.35G 187G 26K

5408 origin/postgres 5.31G 187G 3.22G
' origin/postgres_snapl 17.7M 187G 2.83G

5.2 GB

5GB

yAaneHue 3aBucumoro snapshot pennuku

4.8 GB

4.6 GB
zts destroy -r origin/postgres@postgre snapl
4.4 GB
4.2 GB
4 GB
NAME USED AVAIL REFER
3868 origin 3.21G 190G 26K
3.6 GB origin/postgres 3.22G 190G 3.20G

3.4 GB
3.2GB
3GB

17:05:30 17:05:45 17:06:00 17:06:15 17:06:30 17:06:45 17:07:00 17:07:15 17:07:2
Max Min Range

= origin/postgres(REPLICA) 5.31GB 3.20GE_ 2.11GB
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YaaneHve aaHHbIX B CHanwoTe

DELETE FROM boarding passes;

SNAPSHOT

1.2 GB
11 GB
1GB
900 MB
800 MB
700 MB
600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0GB -
17:17:20 17:17:30 17:17:40 17:17:50 17:18:00 17:18:10 17:18:20 17:18:30 17:18:40 17:18:50 17:19:00 17:19:10

Max Min Range
= origin/postgres@snap1(SNAPSHOT) 1.08 GB 16 MB 1.06 GB
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YaaneHve aaHHbIX B CHanwoTe

DELETE FROM boarding passes;

SNAPSHOT

1.2 GB
11 GB
1GB
900 MB
800 MB
700 MB
600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0GB - h'l

17:17:20 17:17:30 17:17:40 17:17:50 17:18:00 17:18:10 17:18:20 17:18:30 17:18:40 17:18:50 17:19:00 17:19:10
Max Min Range

= origin/postgres@snap1(SNAPSHOT) 1.08 GB 16 ME . 1.06 GB
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OnAaTb yaaneHue 1 onATb POCT, HO B AAHHOM C/lyyae B
CHanwoTe noyemy TaK?

demo=# select pg size pretty(pg total relation size('boarding passes'::regclass));
pg size pretty

1162 MB

Bce 610KM 6b11M 3MEHEHbI KOTOPbIe KacaZIuCb AaHHOMU Tabaunubl BKAOUYaa uHAeKcbl n TOAST + Kycok wal
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ANALYZE

McxoaHbIN pasmep CHaMLWwoTa

NAME USED AVAIL REFER
origin 3.66G 189G 26K

origin/postgres 3.63G 189G 3.63G
origin/postgres snapl 16.6M 189G 2.83G

ANALYZE boarding passes;

SNAPSHOT

17:23:10 17:23:20 17:23:30 17:23:40 17:23:50 17:24:00 17:24:10 17:24:20 17:24:30 17:24:40 17:24:50 17:25:00
Max Min Range

= origin/postgres@snap1(SNAPSHOT) 256 MB 16 MB 240 MB
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ANALYZE

McxoaHbIN pasmep CHaMLWwoTa

NAME USED AVAIL REFER
origin 3.66G 189G 26K

origin/postgres 3.63G 189G 3.63G
origin/postgres snapl 16.6M 189G 2.83G

ANALYZE boarding passes;

SNAPSHOT

17:23:10 17:23:20 17:23:30 17:23:40 17:23:50 17:24:00 i 17:24:20 17:24:30 17:24:40 17:24:50 17:25:00
Max Min Range

= origin/postgres@snap1(SNAPSHOT) 256 MB 16 ME_ 240 MB
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ANALYZE

“@'Zf A

Bupum poct nouemy Tak? Bcemy BMHON pensinka n promote?
Ina Toro 4To6bl pa3obpaTtbcs co3aanum ewle 1 snapshot n
3anpomMoyTunM ero

NAME

origin
origin/postgres
origin/postgres_snapl

origin/postgres_snap2

USED
3.92G
3.63G
256M
16.6M

AVAIL
189G
189G
189G
189G

REFER
26K

3.63G
2.83G
2.83G

MOUNTPOINT

/origin
/origin/postgres
/origin/postgres snapl
/origin/postgres snap2
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ANALYZE

SIMA
\ D

Bupum poct nouemy Tak? Bcemy BnHOM pensinka n promote?
Ilna Toro 4To6bl pa3obpaTtbcs co3aapum ewle 1 snapshot n

3anpoMoyTuM €ro

NAME USED AVAIL
origin 3.92G 189G
origin/postgres 3.63G 189G
origin/postgres_snapl 256M 189G
origin/postgres_snap2 16.6M 189G

[Mony4rm nyTb Tabnuubl B $annoBom CUCTEME

REFER
26K

3.63G
2.83G
2.83G

MOUNTPOINT

/origin
/origin/postgres
/origin/postgres snapl
/origin/postgres snap2

root@zfstest:/docker-pg# psql -p 5433 -U postgres -h localhost -d demo -c

pg_relation_filepath ('boarding passes')"
pg_relation_filepath
base/25293/25316

(1 row)

"SELECT
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ANALYZE

Bocnonb3syemca ytunmton bindiff ytobbl noHATL pasamep pas3nnyHbix 610KOB B 3TOM BUHapHOM daline
https://www.dr-lex.be/software/bindiff.html|

./bindiff -b 8192 -t /origin/postgres snap2/base/25293/25316
/origin/postgres snapl/base/25293/25316

B 71 poo! nm 2vol CoBCTBEHHO MOJTy4aeM NIOMMYHYIO KapTUHY.
Ho 4uTo e NnoMeHsAN0Cb B caMunXx

Total size of differing blocks: 245760000B
cTpaHunuax npu ebinonHeHnn ANALYZE


https://www.dr-lex.be/software/bindiff.html
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' P~ ’::) \Yy

Bocnonb3syemca ytunmton bindiff ytobbl noHATL pasamep pas3nnyHbix 610KOB B 3TOM BUHapHOM daline
https://www.dr-lex.be/software/bindiff.html|

ANALYZE

./bindiff -b 8192 -t /origin/postgres snap2/base/25293/25316
/origin/postgres snapl/base/25293/25316

[ne —b block size 8 zfs pool nau zvol CoOCTBEHHO NONy4YaeM NOrMYHYIO KapTUHY.
Ho 4TO ke NOMeHAN0Ch B caMux

Total size of differing blocks: 2457660000B
cTpaHunuax npu ebinonHeHnn ANALYZE

cmp -1 /origin/postgres_snap2/base/25293/25316 /origin/postgres_snapl/base/25293/25316 |
gawk '(printf "408X %02X %02X\n", $1-1, strtonum(©S2), strtonum (0$%$3)}'

1C74BEC5 @8 @9  [lomeHsanocb nNo 16anTy B onpeaeneHHbiX No3nunax danna.
1C748EFD 98 09 N6 cux nop HenoHaTHo uto mensieT ANALYZE B camux CTpaHmuax.

1C748F35 08 09 H . :
1C74BF6D 98 09 dM NMOMOXKET paclunpeHne pageinspec

1C74DFDD 08 09


https://www.dr-lex.be/software/bindiff.html

PGCONF.RUSSIA 2024

ANALYZE
3anpoc Ha snapshot1 c ANALYZE

demo=# SELECT t_infomask, t _infomask2, raw_flags, combined flags
FROM heap page items (get raw_page( 'boarding passes', 0)),
LATERAL heap_ tuple _infomask flags(t_infomask, t_infomask2) limit 10;

t_infomask | t_infomask 2 | raw_flags | combined flags |
——————————— e b R e RS LY
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN COMMITTED, HEAP _XMAX_ INVALID} | {} |
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN COMMITTED, HEAP _XMAX_ INVALID} | {} |
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN COMMITTED, HEAP _XMAX_ INVALID} | {} |

3anpoc Ha snapshot2 6e3 ANALYZE

t_infomask | t_infomask 2 | raw_flags | combined flags |
——————————— R D et L R LR
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
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ANALYZE
3anpoc Ha snapshot1 c ANALYZE

demo=# SELECT t_infomask, t _infomask2, raw_flags, combined flags
FROM heap page items (get raw_page( 'boarding passes', 0)),
LATERAL heap_ tuple _infomask flags(t_infomask, t_infomask2) limit 10;

t_infomask | t_infomask 2 | raw_flags | combined flags |
——————————— e b R e RS LY
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN_ COMMITTED, HEAP _XMAX_ INVALID} | {} |
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN_ COMMITTED, HEAP _XMAX_ INVALID} | {} |
2306 | 4 | {HEAP_HASVARWIDTH, HEAP_XMIN_ COMMITTED, HEAP _XMAX_ INVALID} | {} |

3anpoc Ha snapshot2 6e3 ANALYZE

t_infomask | t_infomask 2 | raw_flags | combined flags |
——————————— R D et L R LR
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
2050 | 4 | {HEAP_HASVARWIDTH, HEAP _XMAX_ INVALID} | {} |
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postgres/src/include/access/htup details.h

#define HEAP_XMIN_COMMITTED 0x0100 /x* t_xminlcommitted %/
#define HEAP_XMIN_INVALID @x0200 /* t_xmin invalid/aborted x/

#define HEAP_XMIN_FROZEN (HEAP_XMIN_COMMITTED |HEAP_XMIN_INVALID)
#define HEAP_XMAX_COMMITTED @x0400 /x t_xmax committed */



https://github.com/postgres/postgres/tree/master
https://github.com/postgres/postgres/tree/master/src
https://github.com/postgres/postgres/tree/master/src/include
https://github.com/postgres/postgres/tree/master/src/include/access
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VACUUM

NcxoaHbi pa3mep

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 370M 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

DELETE FROM boarding passes;

Pasmep nocsne yaaneHus

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G /origin/postgres
origin/postgres snapl 1.35G 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

Paszmep nocne VACUUM

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 1.16G 189G 3.20G /origin/postgres snapl

origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2
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VACUUM

NcxoaHbi pa3mep

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 370M 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

DELETE FROM boarding passes;

Pasmep nocsne yaaneHus

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G /origin/postgres
origin/postgres snapl 1.35G 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

Paszmep nocne VACUUM

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 1.16G 189G 3.20G /origin/postgres snapl

origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2
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VACUUM

NcxoaHbi pa3mep

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 370M 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

DELETE FROM boarding passes;

Pasmep nocsne yaaneHus

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G /origin/postgres
origin/postgres snapl 1.35G 189G 2.83G /origin/postgres snapl
origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2

Paszmep nocne VACUUM

NAME USED AVAIL REFER MOUNTPOINT

origin 3.92G 189G 26K /origin
origin/postgres 3.63G 189G 3.63G  /origin/postgres
origin/postgres snapl 1.16G 189G 3.20G /origin/postgres snapl

origin/postgres snap2 16.6M 189G 2.83G /origin/postgres snap2
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VACUUM

root@zfstest:/docker-pg# ./bindiff -b 8192 -t /origin/postgres snap2/base/25293/25316
/origin/postgres _snapl/base/25293/25316

File 1 is 477421568 bytes longer than file 2.

Total size of differing blocks: ©
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At the end of the war the sunshine begins

* [1py yacTom ypganeHnn n N3MeHeH OaHHbIX HaJ0 3aKaabiBaTh
X2 PU3NYECKOro MecTa Ha AnCKe

* Pennunka He BnugeT Ha ocHoBHOM ZVOL

* [1pn N3MEeHeHUM B CHanwoTe BCce 6NOKM JaHHbIX, KOTOPbIE
3aBUCAT OyayT CKONMPOBAaHHbI B CHAMLWOT

* Y ANALYZE ecTb HoaHcbl nocne promote
* [lpMEHNMOCTb CUCTEMBI
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CcbINIKN HA NICTOYHUKN MHPOPMaALUU 1 NPOrpaMMHble
NPOAYKTDI

e https://www.dr-lex.be/software/bindiff.html
* https://habr.com/ru/companies/vk/articles/529516/
* https://www.linux.org.ru/articles/admin/17333839

e https://github.com/openzfs/

e https://www.docker.com

* https://github.com/postgres/postgres



https://www.dr-lex.be/software/bindiff.html
https://habr.com/ru/companies/vk/articles/529516/
https://www.linux.org.ru/articles/admin/17333839
https://github.com/openzfs/
https://www.docker.com/
https://github.com/postgres/postgres
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Cnacubo 3a BHUMaHue!
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Q&A

MoW KOHTaKTbI

e Telegram - @moytra_ nihzayvs
* Email — svyazhin_a@sima-land.ru



mailto:svyazhin_a@sima-land.ru

