HHpekc



AHnexkc

KaK COXPaHUTb CTaTUCTUKY
POV MaYXOPHOM
OOHOBNEHNY

N YTO 33 3TO ObiBaeT

[IMnTPpUN CapadaHHMKOB
Pa3paboTymk



[Tpouecc obHoBNEHWS



TpeboBaHUA

> MUWHMManNbHbIN OayHTaMM Ha 3anmchb
> 100% DOCTYNMHOCTb Ha YTEHME

> ObOHOoBNEHME pennnK 6e3 NoHOro KONMPOBAaHMA C MacTepa



[1naH

>  3aKpPbIBaEM MACTEP OT HArpy3ku 1 pernmnk

> ObHoBNgeM MacTep: pg_upgrade -k

> ObHoBNgEM PENINKM MO OAHOM (OCTaHOBKA, OOHOBMEHME, 3aMyCK):
rsync --archive --delete --hard-links --size-only
--no-1nc-recursive old data new _data remote _dir

> OTKpblBaeM MacTep a5 Harpy3ku



Ular O

|l |l |l

95 . 9.5 .95

replica master replica




LLlar 1 — 3aKpblBaeM MacTep

|l |l |l
9.5 9.5 9.5



LLlar 2 — obHOBNSeM MacTep

|l |l |l
9.5 9.6 9.5



LLlar 3 — 3akpbiBaemM 1 pennmky

| ]| |l |l
9.5 9.6 9.5



Lllar 4 - obHoBnsgem 1 pennuky

| ]| |l

9.6

replica
T

rsync --hard-Llinks --size-only ...

9.6

master

|l

9.5

replica

10



LLlar 4 — marus rsync

hardlink

9.6/base/12406/12242 > 9.5/base/12406/12242

N 9.6/base/12406/12244 —2ANK g 5/base/12406/12244
9.6/global/pg_control 9.5/global/pg_control.old

9.5/base/12406/12242

eplica 9.5/base/12406/12244

9.5/global/pg_control

11



LLlar 4 — marus rsync

master

replica

0.6/base/12406/12242 —3AINK 5 & /hase/12406/12242

0.6/base/12406/12244 —AAINK 5 o hase/12406/12244

9.6/global/pg_control 9.5/global/pg_control.old

0.6/base/12406/12242 —3AINK o & /hase/12406/12242

9.5/base/12406/12244
9.5/global/pg_control

12



LLlar 4 — marus rsync

master

replica

9.6/base/12406/12242
9.6/base/12406/12244
9.6/global/pg_control

9.6/base/12406/12242
0.6/base/12406/12244

hardlink

hardlink

hardlink

hardlink

9.5/base/12406/12242
9.5/base/12406/12244
9.5/global/pg_control.old

9.5/base/12406/12242
9.5/base/12406/12244
9.5/global/pg_control

13



LLlar 4 — marus rsync

master

replica

9.6/base/12406/12242
0.6/base/12406/12244

9.6/global/pg_control

9.6/base/12406/12242
0.6/base/12406/12244

—> 0.6/global/pg_control

hardlink

hardlink

hardlink

hardlink

9.5/base/12406/12242
9.5/base/12406/12244
9.5/global/pg_control.old

9.5/base/12406/12242
9.5/base/12406/12244
9.5/global/pg_control

14



Llar 5 — oTkpbiBaeM 1 pennumky

|l |l
9.6 9.6

|l

9.5

replica

15



LLlar 6 — 3aKkpbiBaem 2 pennmky

|l |l
9.6 9.6

| ]

9.5

replica

16



LLllar 6 — obHoBNAEeM 2 pennnky

|l

9.6

replica

|l | ]|

9.6

master

9.6

replica

|

rsync --hard-Llinks --size-only ...
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Llar 7/ — oTKpbIiBaeM 2 pennmky

|l |l
9.6 9.6

|l

9.6

replica

18



Llar 8 — pennmnkauuns

|l |l |l

9.6 . 9.6 . 9.6

replica master replica




LLlar 8 — oTKpbIBaeM MacTep

|l |l
9.6 ( 9.6

|l

9.6

replica

20



[Toobnembl



LLlar 5 — pennnka He cnpaBngeTcs C HarpysKkou

|l |l

9.6

master

9.5

replica

HeT ctatuctnkn => Lload average: 1000.90, 820.83, 497.11

22



PelueHpe



LLlar 2.5 - cobnpaem ctaTuCTUKy

|l |l |l

9.5

replica

9.6

master

9.5

replica

vacuumdb -d mydb -j 8 --analyze-1in-stages

24



| locnencTBumA



[ lochencTBuA

PernamMeHT

B L

ble 0abOThI

MacTepa
nepekItoYnInNCh

26



[ lochencTBuA

ERROR: 58P01: could not access status of transaction

1951521353

DETAIL: Could not open file "pg_clog/0745":

or directory.
LOCATION: SlruReportIOError, slru.c:896

No such file

27



[ lochencTeus

> 3anpocbl MagatoT C OWMbKamMm

> VACUUM TOXE nagaeT C owmnbKom

28



0g_clog / pg_xact



pg_clog / pg_xact

~ # 1s -1h /var/lib/postgresql/9.6/data/pg_clog/
total 9.2M

-rw----——- postgres postgres 256K Nov 30 15:20 0000
-rw----—--- postgres postgres 256K Nov 30 15:20 0001
-rw----—--- postgres postgres 256K Nov 30 15:20 0002
-rw----—-——- postgres postgres 256K Nov 30 15:20 0003
-rw-—----—- postgres postgres 250K Nov 30 15:20 0004
-rw----——- postgres postgres 256K Nov 30 15:20 0005
-rw-—----—- postgres postgres 256K Nov 30 15:20 0006
-rw----———- postgres postgres 256K Nov 30 15:20 0007/
-rw----———- postgres postgres 256K Nov 30 15:20 0008
-rw----———- postgres postgres 256K Nov 30 15:20 0009
-rw----———- postgres postgres 256K Nov 30 15:20 000A

30



ng_clog / pg_xact - commit log

clog txid = 200 txid = 201

o 199 200 | 201 [ 202 | |
T1 COMMITTED | COMMITTED |IN_PROGRESS IN_PROGRESS COMMIT:

e - S S S S S S S e e S O el

199 | 200 | 201 " 202

T2 | ***** GOMMITTED | COMMITTED | ABORTED |IN_PROGRESS ~~ """  ABORT;

Tme Y

http://www.interdb.jp/pg/pgsql05.html 31



pg_clog / pg_xact

#define CLOG_BITS_PER_XACT 2
#define CLOG_XACTS_PER_BYTE 4
#define CLOG_XACTS_PER_PAGE (BLCKSZ * CLOG_XACTS_PER_BYTE)

#define CLOG_XACT_BITMASK ((1 << CLOG_BITS_PER_XACT) - 1)

32



pg_clog / pg_xact

#define TransactionIdToPage(xid) ((xid) / (TransactionId)
CLOG_XACTS_PER_PAGE)
#define TransactionIdToPgIndex(xid) ((xid) %
(TransactionId) CLOG_XACTS_PER_PAGE)
#define TransactionIdToByte(xid)
(TransactionIdToPgIndex(xid) / CLOG_XACTS_PER_BYTE)
#define TransactionIdToBIndex(xid) ((xuid) %

(TransactionId) CLOG XACTS PER BYTE)

33



pg_clog / pg_xact

pageno = TransactionIdToPage(xid);

byteno = TransactionIdToByte(xid);

bshift = TransactionIdToBIndex(xid) * CLOG_BITS_PER_XACT;
slotno = SimpleLruReadPage_ReadOnly(ClogCtl, pageno, xid);

byteptr = ClogCtl->shared->page_buffer[slotno] + byteno;
status = (*byteptr >> bshift) & CLOG_XACT_BITMASK;

#define TRANSACTION_STATUS_IN_PROGRESS 05400,
#define TRANSACTION_STATUS_COMMITTED Ox01
#define TRANSACTION STATUS ABORTED Ox02

34



“TO OenaTb?



BapuaHThI

> dd i1f=/dev/zero of=pg_clog/0726 bs=256k count=1
NOTEPS TEX CTPOK, Ha KOTOPbIX BO3HMKAET OLLMDKA

> Hantn un obe3BpenTb

36



Hantm n obe3speanTb

xdb31llg(master )=# SELECT * FROM mytable

WHERE ctid = '(4,21)";

ERROR: 58P01: could not access status of transaction

1951521353

DETAIL: Could not open file "pg_clog/0745":

or directory.

LOCATION: SlruReportIOError, slru.c:896

No such file

37/



Hantm n obe3speanTb

xdb311lg(master )=# SELECT lsn FROM
page_header(get_raw_page( ‘mytable',4));
Lsn

8092/6A26DD08

xdb31lle(replica)=# SELECT lsn FROM
page_header(get_raw_page( ‘mytable',4));
Lsn

838D/C4A0D280

33



Hantm n obe3speanTb

xdb31llg(master )=# SELECT t_xmuin, t_tinfomask::bi1t(32) &
X'0300'::int::b1t(32) FROM
heap_page_titems(get_raw_page( ‘mytable’',4)) WHERE lp=21;
-] RECORD 1 |J-----===—= e -

t_xmin | 1951521353

?column? | 00000000000000000000000000000000
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Hantm n obe3speanTb

xdb31lle(replica)=# SELECT t _xmin, t _infomask::b1t(32) &
X'0300'::int::b1t(32) FROM
heap_page_titems(get_raw_page( ‘mytable’',4)) WHERE lp=21;
-] RECORD 1 |J-----===—= e -

t_xmin | 1951521353

?2column? | 00000000000000000000001100000000

40



Hantm n obe3speanTb

#define HEAP_XMIN_COMMITTED
#define HEAP_XMIN_INVALID

#define HEAP_XMIN_FROZEN

Ox0100

Ox0200

(HEAP_XMIN_COMMITTED |
HEAP_XMIN_INVALID)

41



B NroOoy HeNOHATHOW
CUTYaUMM BUHOBAT
autovacuum



VACUUM FREEZE



Xid wraparound

100 AN

Visible

Invisible

99

/

100

Visible

44



Heap luple

< 23 bytes >

NULL

t xmin t Xxmax t cid t ctid t infomask2 t infomask t hoff .
bitmap

45



VACUUM FREEZE

t_xmin t_Xxmax t_infomask user data
Tuple 1 99 A
Tuple 2 100 B’
Tuple 3 200000 C
Tuple 4 2000000 D

46



VACUUM FREEZE p0 9.4

t_xmin t_Xxmax t_infomask user data
Tuple 1 2 A
Tuple 2 2 B’
Tuple 3 200000 C
Tuple 4 2000000 D

47



VACUUM FREEZE c9.4

t_xmin t_Xxmax t_infomask user data
Tuple 1 99 XMIN_FROZEN ‘A
Tuple 2 100 XMIN_FROZEN B’
Tuple 3 200000 C
Tuple 4 2000000 D

48



Hantm n obe3speanTb

#defitne HEAP_XMIN_COMMITTED
#define HEAP_XMIN_INVALID

#define HEAP_XMIN_FROZEN

Ox0100

Ox0200

(HEAP_XMIN_COMMITTED |
HEAP_XMIN_INVALID)

49



“YTO NPON30LLNO?



YTO Nnpounsowno?

https://clck.ru/CbuNS - Tpen B pgsqgl-hackers

> BoBpemga cbopa ctaTtucTmkm autovacuum Havan FREEZE

> CHECKPOINT npw octaHOBKE MacTepa

> rsync ckonmpoBan pg_control c HOBOW NoO3nLIMEN Ha PennKy

> rsync --size-only He cKonmpoBan N3MeHeHHble Palbl

> pennuka He npourpana WAL, KOTopbIM CreHepunpoBar
autovacuum

57


https://clck.ru/CbuNS

YTO Nnpounsowno?

Hayano KoHeLl
ODOHOBNEHNS ODOHOBNEHNS
3092/06A26DD08 838D/C4A0D280

VACUUM FREEZE

[ lo3mu g HakaT
NAHHbIX WAL

master

replica

52



YTO Nnpounsowno?

commit 0f33a719tfdbb5d8c43839ea®d2c90cdO3e2at2d?
Author: Bruce Momjtian <bruce@momjtian.us>
Date: Thu Jun 15 12:30:02 2017 -0400

docs: F1x pg_upgrade standby server upgrade docs

https://clck.ru/Cdl5Z
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YTO Nnpomnsowno?

commilt b/710248dd3f90c46bd4208eb6bt1290048b9d/6cCd
Author: Bruce Momjtian <bruce@momjtian.us>
Date: Tue Jun 20 13:20:02 2017 -0400

pg_upgrade: start/stop new server after pg_resetwal

https://clck.ru/CdJ55

54



Kak nsoeyxartb?

FEcnuv He cpa3y OCTaHOBKMTb MacTep, MOXKHO HACTYMUTb Ha Te Xe rpadnm

> 3anyckaTb MacTep B pexunme single user n ANALYZE B 0MH MOTOK
>  OTKJIIOYMTb autovacuum

> CcobnpaTb CTAaTUCTUKY Nocsie OBHOBNEHWE PENTTNK

55



KaK YNIHUTB?



pg_dirty_hands

corruption=# CREATE EXTENSION pg_dirty_hands ;

CREATE EXTENSION
corruption=# \dx+ pg _dirty_hands
Objects in extension "pg_dirty_hands”
Object description

function freeze_tuple(regclass,tid,boolean)
function freeze_tuple_unlogged(regclass,tid)

(2 rows)

https://github.com/dsarafan/pg_dirty_hands

57


https://github.com/dsarafan/pg_dirty_hands

pg_dirty_hands - npumep

corruption=# CREATE TABLE mytable AS (SELECT 1);
SELECT 1

corruption=# SELECT t_uinfomask::b1t(32) FROM
heap_page_1items(get_raw_page( 'mytable', 0));
t_infomask

00000000000000000000100000000000
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pg_dirty_hands - npumep

corruption=# SELECT ctid, * FROM mytable ;
ctid | ?column?

corruption=# SELECT t_infomask::b1t(32) FROM
heap_page_titems(get_raw_page( 'mytable’, 0));
t_infomask

00000000000000000000100100000000
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pg_dirty_hands - npumep

corruption=# SELECT freeze_tuple( 'mytable’,
freeze_tuple

corruption=# SELECT t_infomask::b1t(32) FROM
heap_page_titems(get_raw_page( 'mytable’, 0));
t_infomask

00000000000000000000101100000000

(0,1)");

60



pg_dirty_hands — npumep

$ pg_xlogdump --path=pg_xlog/ --start 0/8FAABF30 \
-——1limit=1 00000001000000000000008F

rmgr: Heap?2 len (rec/tot): 57/ 117, tx:
O, lsn: 0/8FAABF30, prev 0/8FAABEF8, desc: FREEZE_PAGE
cutoff xid 1698 ntuples 1, blkref #0: rel 1663/31145/31179

blk O FPW

6l



pg_dirty_hands

PuUll requests are welcome!

62



CcbINKu

> https://www.postgresqgl.org/message-id/DAT8C5E1-
A115-4C1C-9F/C-E/B9ASF3EBC5%40yandex.ru

> https://git.postgresqgl.org/gitweb/?
o=postgresgl.git;a=commit;h=0f33a/19fdblb5d8c43839eal0d2c
90cdO3e2af2d”

> https://git.postgresqgl.org/gitweb/?
o=postgresgl.git;a=commit;h=0b/10248dd3f90c46bd4208eb6bf"
290048b9d/6¢d

> https://github.com/dsarafan/pg_dirty_hands
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https://git.postgresql.org/gitweb/?p=postgresql.git;a=commit;h=b710248dd3f90c46bd4208e6bf1290048b9d76cd
https://git.postgresql.org/gitweb/?p=postgresql.git;a=commit;h=b710248dd3f90c46bd4208e6bf1290048b9d76cd
https://git.postgresql.org/gitweb/?p=postgresql.git;a=commit;h=b710248dd3f90c46bd4208e6bf1290048b9d76cd
https://github.com/dsarafan/pg_dirty_hands

Cnacmbo 3a BHUMaHume!

[IMnTpUI CapadaHHMKOB
Pa30ab0oTUMK

@ dsarafan(@yandex-team.ru



