UVOD DO LOGICKE REPLIKACE
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(0 TE LOGICKA REPLIKACE

e Replikace v PostgreSQL
o binarni (streaming/log-shipping)
m standby/slave/follower 1instance(s)
o Tlogicka
e Write Ahead Log - WAL
o crash recovery
o online zalohy, PITR
o binarni replikace (streaming/log-shipping standby)
o Tlogicka replikace

e Log Sequence Number - LSN
o wunsigned 64-bit integer
o trvale rostouci ukazatel na pozici zaznamu v WAL logu



https://www.postgresql.org/docs/15/wal-intro.html
https://www.postgresql.org/docs/current/wal-internals.html

FYZTCKA REPLIKACE

Prenasi zmény ukladané v transakcnim logu na cilovy server,
kde probiha RECOVERY - aplikuji se zmény blok( (stranek)
v datovych souborech.

Prenasi se tedy vsechny DB PostgreSQL instance.

Standby

Master )
instance

read-only

instance

Image by Gerd Altmann from Pixabay



https://pixabay.com/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=5541969
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=5541969

LOGICKA REPLIKACE

Zjistuje zmény v datech na Urovni rFadek v tabulkach a tyto
zmény aplikuje v tabulce cilové databazi formou SQL prikazu.

Zucastnéné databaze jsou dostupné i pro zdpis.

DB: shop_dwh

DB: eshop
Tbl: pets.invoice

Tbl: pets.invoice

Image by Nile from Pixabay


https://pixabay.com/users/nile-598962/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=623167
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=623167

PREKLADY VYUZTTI

e Distribuce vybranych tabulek

o konfigurace, ceniky, produktovy katalog..
e Konsolidace d
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PREKLADY VYUIIT .

zména platformy (0S, endian)

prenos dat mezi rlUznymi verzemi PostgreSQL

upgrade s minimalnim Casem vypadku - omezeni, priklady
distribuce dat

konsolidace dat

integrace s dalsimi produkty (debezium & kafka/pub_sub..)
lze vyuzit triggery na strané prijemce dat



https://www.cybertec-postgresql.com/en/upgrading-postgres-major-versions-using-logical-replication/

MINIMALISTICKA UKAZKA

e Priprava
o dveé PostgreSQL instance (ukézky: porty 5432, 5433)
o v kazdé 1instanci DB, kazda se miZe jmenovat jinak
o tabulka shodného plné kvalifikovaného jména (schema.tabulka)
o subscriber tabulka mize mit nadmnozinu sloupcl zdrojové
m PostgreSQL15 umozniuje i vybér replikovanych sloupcl

e Publikace
e Subscription



DATABAZE: PUBLISHER A SUBSCRIBER

\Qy

CREATE TABLE skoleni.weather (
weather_id SERIAL PRIMARY KEY
, ts TIMESTAMPTZ DEFAULT now()
, temp FLOAT
, pressure INTEGER
, description TEXT

.

\Qy

CREATE TABLE skoleni.weather (
weather_id INTEGER PRIMARY KEY
, ts TIMESTAMPTZ DEFAULT now()
, temp FLOAT
, pressure INTEGER
, description TEXT

.



PUBLICATION

\\tes_ﬂ4/

~.

CREATE PUBLICATION pub_skoleni
FOR TABLE skoleni.weather

QS/

~

WITH ( publish = 'dinsert, update, delete, truncate' );
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SUBSCRIPTION

\\tes_ﬂ4/

~.

QS/

~

CREATE SUBSCRIPTION sub_skoleni
CONNECTION 'port=5432 dbname=testl14'
PUBLICATION pub_skoleni;

11



DATA TSOU SYNCHRONTZOVANA, REPLIKACE PRENAST IMENY

ﬁgét15=# table skoleni.weather limit 3; 4\\
weather_id | ts | temp | pressure | description
———————————— e
1 | 1970-01-01 20:31:01+01 | -10 | 810 | Thursday 01, 01 1970
2 | 1970-01-02 12:56:55+01 | -13 | 998 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | -10 | 1014 | Prev: Friday 02, 01 1970 12:56:55

estl5=# SELECT * FROM skoleni.weather WHERE weather_id < 4 ORDER BY weather_id;

weather_id | ts | temp | pressure | description

———————————— e
2 | 1970-01-02 12:56:55+01 | -13 | 500 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | -10 | 1014 | Prev: Friday 02, 01 1970 12:56:55

(2 rows)

N\ W




DISABLE (SUSPEND) A ENABLE SUBSCRIPTION

testl15=# ALTER SUBSCRIPTION sub_skoleni DISABLE;

testl5=# SELECT * FROM skoleni.weather WHERE weather_id < 4 ORDER BY weather_1id;

weather_id | ts | temp | pressure | description

———————————— e Tttt S e
2 | 1970-01-02 12:56:55+01 | -13 | 500 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | -10 | 1014 | Prev: Friday 02, 01 1970 12:56:55

1970-01-02 12:56:55+01
1970-01-02 14:26:32+01

Prev: Thursday 01, 01 1970 20:31:01
Prev: Friday 02, 01 1970 12:56:55



IMENY SCHEMA (STRUKTURY)

1. pridani sloupce
a. subscriber
b. publisher

2. odebrani sloupce

a. publisher
b. subscriber

|

Subscriber tabulka mdzZe mit nadmnozinu
sloupcl publisher tabulky.

|

14



ODEBRANT TABULKY 7 PUBLIKACE

—— Publisher DB:
ALTER PUBLICATION pub_skoleni DROP TABLE skoleni.weather;

-- Zmény nejsou od dokonceni prikazu prenaseny.

—— Subscriber DB:

ALTER SUBSCRIPTION sub_skoleni REFRESH PUBLICATION;

-- Subscriber aktualizuje seznam tabulek, pro které ocekava -- data (smaze z
svého seznamu tabulku skoleni.weather)

15



PRIDANT TABULKY DO PUBLIKACE

testl4=# \dRp+ pub_skoleni
Publication pub_skoleni

Owner | A1l tables | Inserts | Updates | Deletes | Truncates | Via root
—————————— e
postgres | f | t | t | t | t | f
(1 row)

testl4=# ALTER PUBLICATION pub_skoleni ADD TABLE skoleni.weather;
ALTER PUBLICATION

testl4=# \dRp+ pub_skoleni
Publication pub_skoleni

Owner | A1l tables | Inserts | Updates | Deletes | Truncates | Via root
—————————— e e e e
postgres | f | t | t | t | t | f
Tables:

rskoleni.weather"]

testl4=# truncate table skoleni.weather;



PRIDANT TABULKY DO PUBLIKACE ... CO NATO SUBSCRIBER]
‘testlesh truncate table skolemiweather;

testl5=# SELECT x FROM skoleni.weather WHERE weather_id < 4 ORDER BY weather_-id;

weather_id | ts | temp | pressure | description

———————————— Bt e e
2 | 1970-01-02 12:56:55+01 | -13 | 500 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | 0 | 1000 | Prev: Friday 02, 01 1970 12:56:55

testl5=# ALTER SUBSCRIPTION sub_skoleni REFRESH PUBLICATION;

testl5=# SELECT * FROM skoleni.weather WHERE weather_id < 4 ORDER BY weather_id;

weather_id | ts | temp | pressure | description

———————————— B e B i e et
2 | 1970-01-02 12:56:55+01 | -13 | 500 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | 0 | 1000 | Prev: Friday 02, 01 1970 12:56:55

testl1l5=# SELECT * FROM skoleni.weather WHERE weather_id < 4 ORDER BY weather_id;

weather_id | ts | temp | pressure | description

———————————— o
| 2023-01-25 00:03:01.692848+01 | -2 | 1024 |
| 1970-01-02 12:56:55+01 | -13 | 500 | Prev: Thursday 01, 01 1970 20:31:01
I I I I

1970-01-02 14:26:32+01 Prev: Friday 02, 01 1970 12:56:55



TROCHA TEORIE

18
Fotka od Gerd Altmann z Pixabay



https://pixabay.com/cs/users/geralt-9301/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=989124
https://pixabay.com/cs//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=989124

APLVS. IMPLEMENTACE

e 1infrastruktura + API
o genericka funkcionalita
o sada callbackl (rdzné udalosti)
e konkrétni implementace
o built-in replikace
o pglogical, BDR
o debezium
O
O

rizné koncepty, dalsi funkce, architektury

19



WRITE AREAD 10G, L0G SEQUENCE NUMBER

e WAL - “logicky log” (is.446.744.073.709.551.615 ~ 15.9 [Ei] exbi)

o rozdélen na segmenty - soubory v pg_wal adresari (16MiB - vychozi)
e LSN - Log Sequence number - ukazatel pozice v WAL

SELECT cwl.lsn, pg_catalog.pg_walfile_name(cwl.lsn)
FROM pg_catalog.pg_current_wal_lsn() AS cwl(lsn);

lsn | pg_walfile_name
[eo - FF]
______________ +__________________________
S
8DDC/156FAC90 | 0000000100008DDCOOOOOO15
W_/ - ~ J N N J\ N J\ N J
Logicky Offset v ramci Timeline Logicky WAL WAL segment
WAL logického WAL 8 &islic soubor, v ramci
soubor logu, 4080MiB obsahuje 255 Tlogického WAL 20

0 - FFOO0000 WAL segmentd souboru

nnnnnnnn



WAL - (0 OBSAHUJET PG _WALDUM?

rmgr: Heap len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Heap len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Heap len (rec/tot):
rmgr: Heap len (rec/tot):
rmgr: Heap len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Heap len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Btree len (rec/tot):
rmgr: Btree len (rec/tot):

., desc: INSERT off 80 f_lags

rel - tablespace/db/relfilenode
blk - 8kB stréanka

119/ 119,
64/ 64,
80/ 80,
98/ 98,
53/ 1733,
64/ 64,
54/ 54,
54/ 54,

490/ 490,
66/ 66,

119/ 119,
64/ 64,
66/ 66,
64/ 64,

0x08, blkref #0:

tx:
tx:
tx:
tx:

tx:
tx:
tx:
tx:
tx:
tx:
tx:
tx:
tx:

3937076997,
3937076997,
3937076997,
3937076998,
3937076998,
3937076998,
3937076998,
3937076998,
3937076998,
3937076998,
3937076997,
3937076997,
3937076998,
3937076998,

lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:
lsn:

1C2C8/C800D480,
1C2C8/C800D4F8,
1C2C8/C800D60O8,
1C2C8/C800ODFDS,
1C2C8/C80OEO58,
1C2C8/C80OOET20,
1C2C8/C80OOET760,
1C2C8/C80OOET798,
1C2C8/C80OETDO,
1C2C8/C80OOE9CO,
1C2C8/C80OOEA0S,
1C2C8/C80OOEAS80,
1C2C8/C800OEC28,
1C2C8/C80OOECTO,

rel 1663/16474/132812 blk 2609754

prev
prev
prev
prev
prev
prev
prev
prev
prev
prev
prev
prev
prev
prev

1C2C8/C800D448,
1€2C8/C800D480,
1€2C8/C806D5CO,
1C2C8/C800D690,
1C2C8/C800ODFDS,
1C2C8/C80OOEO5S,
1C2C8/C800ET720,
1C2C8/C80OOET760,
1C2C8/C80OOET798,
1C2C8/C80OOETDO,
1C2C8/C80OE9COH,
1C2C8/C80OOEA0LS,
1C2C8/C80OOEBDS,
1C2C8/C80OOEC28,

desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:
desc:

INSERT ..
INSERT_LEAF
INSERT_LEAF
UPDATE
INSERT_LEAF
INSERT_LEAF
LOCK ...
LOCK ...
UPDATE

INSERT_POST ...

INSERT ...
INSERT_LEAF

INSERT_POST ..
INSERT_LEAF ..

21



TEST _DECODING



TE5T _DECODING

e extenze (plugin) v contrib baliku
e minimalni funkcnost, +ilustruje infrastrukturu
e idedlni pro demonstraci zakladnich koncept(

23



TEST _DECODING - VYTVORENT SLOT

SELECT * FROM pg_catalog.pg_create_logical_replication_slot('my_slot', 'test_decoding');
slot_name | lsn
___________ +____________

my_slot | 1/A26B3F58 jméno slotu

decoding plugin

log sequence number ]

SELECT slot_name, plugin, slot_type, database, confirmed_flush_1lsn FROM pg_replication_slots;

slot_name | plugin | slot_type | database | confirmed_flush_1lsn
——————————— e
my_slot | test_decoding | logical | zelenya | 1/A26B3F58

(1 row)

24



6 _LOGICAL _SLOT _GET _CHANGES() - ODBER DAT Z REPL. SLOTU

CREATE TABLE public.foo

(foo id SERIAL PRIMARY KEY, a NUMERIC, b TEXT);

SELECT slot name, plugin, slot type, database,

confirmed flush lsn FROM pg replication slots;
slot name | plugin | slot type | database | confirmed flush lsn
——————————— o
my slot | test decoding | logical | zelenya | 1/A26B3F58

SELECT * FROM pg catalog.pg logical slot get changes('my slot', NULL, NULL);

1sn | xid | data
____________ o
1/A26B3F88 | 990 | BEGIN 990
1/A26BDA58 | 990 | COMMIT 990

SELECT slot name, plugin, slot type, database,

confirmed flush lsn FROM pg replication slots;
slot name | plugin | slot type | database | confirmed flush 1lsn
——————————— e it e e ettt b
my slot | test decoding | logical | zelenya | 1/A26BDA5S8

25



P6 _LOGICAL _SLOT_GET _CHANGES() - POSUN LSN SLOTU

INSERT INTO public.foo (a, b) VALUES (sqrt(2)/2, 'test data');

SELECT slot_name, plugin, slot_type, database, confirmed_flush_1lsn FROM pg_replication_slots;
plugin | slot_type | database | confirmed_flush_1lsn

slot_name

|
Fom o ———— o ——— +
| |

data

BEGIN 991
991 table public.foo: INSERT: foo_id[integer]:1 a[numeric]:0.707106781186548 b[text]:'test data'

COMMIT 991

SELECT slot_name, plugin, stot—type, database, confirmed_flush_1lsn FROM pg_replication_slots;
plugin | slot_type | database confirmed_flush_1lsn

1/A26BDBEG

slot_name

— + — |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

test_decoding | logical | zelenya |



PG _LOGICAL _SLOT _PEEK _CHANGES() - “NAHLED” . LSN ZUSTAVA

INSERT INTO public.foo (a, b) VALUES (exp(l), 'test data');

SELECT slot_name, plugin, slot_type, database, confirmed_flush_1lsn FROM pg_replication_slots;

slot_name | plugin | slot_type | database | confirmed_flush_1lsn
——————————— e et e it
my_slot | test_decoding | logical | zelenya ||1/A26BDBEO

SELECT * FROM pg_catalog.pg_logical_slot_peek_changes('my_slot', NULL, NULL);
lsn | xid | data

1/A26BDBE® | 992 table public.foo: INSERT: foo_id[integer]:2 a[numeric]:2.71828182845905 b[text]:'test data'

1/A26BDCA8 ||. 992 COMMIT 992

+

1/A26BDBE® | 992 | BEGIN 992
|
|

SELECT slot_name, plugin, sfét:typg, database, confirmed_flush_lsn FROM pg_replication_slots;
plugin | slot_fype~i\database | confirmed_flush_1lsn

s 1/A26BDBE®

slot_name

27

— + —
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
+
|
|
|
|I
{
/|
|
|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

test_decoding | logical | zelenyé\“



PG _LOGICAL _SLOT_[GET | PEEK] _CHANGES

SELECT slot name, plugin, slot type, database, confirmed flush lsn FROM pg replication slots;

slot name | plugin | slot type | database | confirmed flush lsn

my slot | test decoding | logical | zelenya || 1/A26BDBEO

SELECT * FROM pg catalog.pg logical slot get changes('my slot', NULL, NULL);

lsn | xid | data
____________ oo
| 992 | BEGIN 992
1/A26BDBEO | 992 | table public.foo: INSERT: foo id[integer]:2 al[numeric]:2.71828182845905 b[text]:'test data'
(1/a26BDCAB]) | 992 | comMIT 992

SELECT slot name, plugin, slot type, database, confirmed flush lsn FROM pg replication slots;

slot name | plugin | slot type | database | confirmed flush 1sn

my slot | test decoding | logical | zelenya | |1/A26BDCAS8

28



UPDATE MUZE PRENASET T DALST REPLTKOVANE SLOUPCE

UPDATE public.foo |SET b|= 'Leonhard Euler' WHERE foo_id = 2;

SELECT * FROM pg_catalog.pg_logical_slot_get_changes('my_slot', NULL, NULL);

lsn xid data
1/A26BDCAS8 | 993 | BEGIN 993

1/A26BDCA8 | 993 | table public.foo: UPDATE: foo_id[integer]:2)fa[numeric]:2.71828182845905][p[text]:'Leonhard Euler']

1/A26BDD40 | 993 | COMMIT 993

SELECT slot_name, plugin, slot_type, database, confirmed_flush_1lsn FROM pg_replication_slots;

slot_name plugin | slot_type | database | confirmed_flush_1lsn

my_slot | test_decoding | logical | zelenya | 1/A26BDD40

SELECT pg_catalog.pg_drop_replication_slot('my_slot');
pg_drop_replication_slot

29



IABUDOVANA LOGICKA REPLIKACE



PUBLISHER & SUBSCRIBER




PUBLICATION & SUBSCRIPTION




PUBLICATION & SUBSCRIPTION - TABLES




REPLICATION SLOT




REPLICA IDENTITY

\

ublisher Subscriber




VLASTNOSTL LOGICKE REPLIKACE

e 1implementace Change Data Capture technologie
e WAL zaznamy -> SQL prikazy pro zménu dat
e dodrzuje poradi transakci
e data celého radku (pgl5 umi vybrané sloupce)
e Uvodni kopie dat (vychozi volba)
® jednosmérné (produkty jako BDR umi multimaster)
e logical decoding on standby instance (pg 16)
e pouze pro DML
e neprenasi
o DDL

o sekvence

36



LIMITY/OMEZENT LOGICKE REPLIKACE

shoda plné kvalifikovanych jmen
partitioning (pg 14+ via root partition)
LOB (large objects) neni podporovan
Truncate (pgll+) funguje

o pozor na referenéni integritu - cascade cizi klice na tabulkach v
publikaci

37


https://www.postgresql.org/docs/14/largeobjects.html

TABULKU SHODNEHO PLNE KVALLFIKOVANERO JMENA

N ] N
oooooooooooo
t t
d desc Qﬁ d d




PUBLICATION

T
- -

common

countries {jEL
id, iso, desc

E

T
- -

common

countries {j:g
id, iso, desc




SUBSCRIPTION

T
_ _

common

countries {253
id, iso, desc

4,

startuje dalsi kroky

T
_ _

common

countries Zci}
id, iso, desc

Lsub_shared
w40



INTCTALLZACE VYVOLANA ZALOZENIM SUBSCRIPTION




(L LOGICKA REPLIKACE

[

Btz

replica identity stejna jako na
ublisheru (PK, UQ, FULL)

default replica identity:
primary key

N
common

countri {E@
id, iso, desc

common
untries @
id, iso, desc

|WAL sender| |

%

( sub_shared

. 5 w42
| Replication slot |

| logical replication worker | |




ENTITY LOGICKE REPLIKACE




UKAZKY



PREHLED INSTANCE PRO UKAZKY

Ver Cluster Port
14 pgldmain 5432
15 pglbmain 5433
15 pgl5test 5434

$ psql -X -p 5432

current_setting |

Status Owner Data directory Log file

online postgres /var/lib/postgresql/14/pgl4main /var/log/postgresql/postgresql-14-pgldmain.log
online postgres /var/lib/postgresql/15/pgl5main /var/log/postgresql/postgresql-15-pglimain.log
online postgres /var/lib/postgresql/15/pgl5test /var/log/postgresql/postgresql-15-pgl5test.log

-c "select current_setting('cluster_name'), current_setting('server_version');"

current_setting

_________________ e

14/pgl4main

current_setting |

| 14.6 (Ubuntu 14.6-1.pgdg22.04+1)

current_setting

_________________ e

15/pgl5main

current_setting |

| 15.1 (Ubuntu 15.1-1.pgdg22.04+1)

current_setting

_________________ e

15/pgl5test

| 15.1 (Ubuntu 15.1-1.pgdg22.04+1)

45



(0 POTREBUTEME]

e publisher: zdrojovou DB (instanci)

o wal_level = logical

o max_replication_slots (poclet subscriptions které se pripoji, standby,

pg_basebackup, max_sync_workers_per_subscription)

max_wal_senders >= max_replication_slots (+ pg_basebackup,
pg_receivewal.., standby..)

e subscriber: cilovou DB (instanci)
o max_replication_slots (%)
o max_logical_replication_workers (%)
o max_worker_processes (pocCet subscr. + 1, + extenze..)

(*) nejméné podle poctu subscriptions, + max_sync_workers_per_subscription

46



PUBLISHER - DATABAZE

-- Zalozeni uzivatelské role pro logickou replikaci.
CREATE ROLE 1lruser WITH LOGIN REPLICATION PASSWORD 'heslo';

-- Zalozeni DB pro ukéazky.
CREATE DATABASE testl4;

-- Nastaveni opravnéni pro pripojeni k databazi.
REVOKE CONNECT ON DATABASE testl4 FROM PUBLIC;
GRANT CONNECT ON DATABASE testl4 TO lruser;

47



PUBLISHER - TABULKA

CREATE SCHEMA skoleni AUTHORIZATION postgres;
GRANT USAGE ON SCHEMA skoleni TO lruser;

CREATE TABLE skoleni.weather (
weather_id SERIAL PRIMARY KEY
ts TIMESTAMPTZ DEFAULT now()
temp FLOAT

pressure INTEGER

description TEXT

AT Y B Y

)5

GRANT SELECT ON skoleni.weather TO lruser;

48



PUBLISHER - TESTOVACT DATA

pg_restore -v -a -d testl4 skoleni_weather.dump

SELECT
s.schemaname
, S.sequenceowner
, S.data_type
, S.last_value
FROM pg_catalog.pg_sequences s

WHERE true
AND s.schemaname = 'skoleni'
AND s.sequencename = 'weather_weather_id_seq';

schemaname | sequenceowner | data_type | last_value

———————————— T e e T

skolens | zelenya | integer | 38812

49



PUBLISHER - TESTOVACT DATA - NAHLED

SELECT count(*), min(w.weather_id), max(w.weather_id), sum(w.weather_id) FROM skoleni.weather AS w;

SELECT w.*x FROM skoleni.weather w ORDER BY w.weather_id ASC LIMIT 3;

weather_id | ts | temp | pressure | description

———————————— it i e s sttt
1 1970-01-01 20:31:01+01 -10 810 Thursda% 01, 01 1970
2 1970-01-02 12:56:55+01 -13 998 Prev: Thursday 01, 01 1970 20:31:01
3 1970-01-02 14:26:32+01 -10 1014 Prev: Friday 02, 01 1970 12:56:55

SELECT gq.* FROM ( SELECT w.* FROM skoleni.weather w ORDER BY w.weather_id DESC LIMIT 3 ) AS Q
ORDER BY weather_1id ASC;

weather_id | ts | temp | pressure | description

———————————— i e B s Sttt Tt e
38810 2023-01-31 06:15:04+01 -5 996 Prev: Monday 30, 01 2023 22:38:02
38811 2023-01-31 07:12:20+01 -8 942 Prev: Tuesday 31, 01 2023 06:15:04
38812 2023-02-01 06:04:05+01 -7 857 Prev: Tuesday 31, 01 2023 07:12:20




PUBLISHER - PUBLLCATION

CREATE PUBLICATION pub_skoleni FOR TABLE skoleni.weather
WITH ( publish = 'dinsert, update, delete, truncate' ); -- defaults

Chybné nastavené wal_level: je zobrazeno varovani:

psql:02_ukazka_5432_pub.sql:81: WARNING: wal_level 1is insufficient to publish logical changes
HINT: Set wal_level to logical before creating subscriptions.
CREATE PUBLICATION
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https://www.postgresql.org/docs/15/logical-replication-publication.html

SUBSCRIBER - DATABAZE, SCHEMA. TABULKA

CREATE DATABASE test15;
CREATE SCHEMA skoleni AUTHORIZATION postgres;

CREATE TABLE skoleni.weather (
weather_id SERIAL PRIMARY KEY

temp FLOAT

pressure INTEGER

description TEXT

measured TIMESTAMPTZ DEFAULT now()

- - - -

)3
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SUBSCRIBER - SUBSCAIPTION

CREATE SUBSCRIPTION sub_skoleni
CONNECTION 'host=127.0.0.1 port=5432 user=1lruser password=heslo dbname=test14'
PUBLICATION pub_skoleni;

psql:03_ukazka_5433_sub.sql:65: NOTICE: <created replication
slot "sub_skoleni" on publisher
CREATE SUBSCRIPTION

e Connection - LibPQ podporované metody
o pg_service
o pgpass

53


https://www.postgresql.org/docs/15/logical-replication-subscription.html

SUBSCRIBER - TESTOVACT DATA - NAHLED

CREATE SUBSCRIPTION sub_skolen

_i

CONNECTION 'host=127.0.0.1 port=5432 user=1lruser password=heslo dbname=testl14'

PUBLICATION pub_skoleni;

SELECT count(*), min(w.weather_id), max(w.weather_id), sum(w.weather_id)

FROM skoleni.weather AS w;
count | min | max | sum
——————— o ——

0 | | |

SELECT s.schemaname, s.sequenceowner, s.data_type, s.last_value

FROM pg_catalog.pg_sequences s
WHERE true AND s.schemaname

skoleni | zelenya

'skoleni' AND s.sequencename =
data_type | last_value

'weather_weather_id_seq';
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SUBSCRIBER - INTTIAL SYNCHRONIZATION

SELECT d.datname, s.subname, sr.srrelid::regclass, sr.srsubstate FROM pg_catalog.pg_subscription AS s

INNER JOIN pg_subscription_rel AS sr ON s.oid = sr.srsubid
INNER JOIN pg_catalog.pg_database d ON s.subdbid = d.oid; ‘
datname | subname | srrelid | srsubstate

————————— e
testl5 | sub_skoleni | skoleni.weather |

sum(w.weather_id) FROM skoleni.weather AS w;

SELECT count(x), min(w.weather_id), max(w.weather_id)\

count | min | max | sum
——————— b ——

0 | | |
srrelid | srsubstate

datname | subname |
————————— e
| skoleni.weather | 1
““““
| |
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SUBSCRIBER - INITIAL SYNCHRONIZATION - HOTOVO

SELECT d.datname, s.subname, sr.srrelid::regclass, sr.srsubstate

FROM pg_catalog.pg_subscription AS s

INNER JOIN pg_subscription_rel AS sr
ON s.oid = sr.srsubid

INNER JOIN pg_catalog.pg_database d
ON s.subdbid = d.oid;

datname | subname | srrelid
————————— e it T
testl5 | sub_skoleni | skoleni.weather |
SELECT
count (x)

, min(w.weather_id)
, max(w.weather_id)
, sum(w.weather_id)
FROM skoleni.weather AS w; Data jsou jiz

count | min | max | sum synchronizovany
——————— e e e

38812 | 1 | 38812 | 753205078




SUBSCRIBER - SEQUENCE

SELECT s.schemaname, s.sequenceowner, s.data_type, s.last_value FROM pg_catalog.pg_sequences s

WHERE s.schemaname = 'skoleni' AND s.sequencename = 'weather_weather_id_seq';
schemaname | sequenceowner | data_type | last_value Logické replikace
S A A sequence neprenasi
skoleni | zelenya | integer | (N

SELECT w.*x FROM skoleni.weather w ORDER BY w.weather_id ASC LIMIT 3;

weather_id | ts | temp | pressure | description

———————————— o
1 | 1970-01-01 20:31:01+01 | -10 | 810 | Thursday 01, 01 1970
2 | 1970-01-02 12:56:55+01 | -13 | 998 | Prev: Thursday 01, 01 1970 20:31:01
3 | 1970-01-02 14:26:32+01 | -10 | 1014 | Prev: Friday 02, 01 1970 12:56:55

SELECT q.* FROM ( SELECT w.* FROM skoleni.weather w ORDER BY w.weather_id DESC LIMIT 3 ) AS Q ORDER BY
weather_id ASC;

weather_id | ts description

38810 2023-01-31 06:15:04+01 -5 | 996 Prev: Monday 30, 01 2023 22:38:02
38811 2023-01-31 07:12:20+01 -8 | 942 Prev: Tuesday 31, 01 2023 06:15:04
38812 2023-02-01 06:04:05+01 -7 | 857 Prev: Tuesday 31, 01 2023 07:12:20

57



MONITORING



MONITORING

Postgres poskytuje funkce a pohledy v systémovém

vhodné pro monitoring:

pg_catalog.
pg_catalog.
pg_catalog.
pg_catalog.
pg_catalog.
pg_catalog.

pg_replication_slots
pg_stat_replication
pg_stat_replication_slots
pg_subscription
pg_subscription_rel
pg_stat_subscription

katalogu
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STAV NA PUBLISHERU

SELE

b
FROM
FULL
ORDE

CT
prs.slot_name
prs.slot_type
prs.plugin
prs.database
prs.temporary
prs.active
psr.pid
psr.client_addr
psr.usename
psr.application_name
psr.state
pg_xact_commit_timestamp(prs.catalog_xmin) AS cat_xmin_tm
pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), prs.restart_lsn)) AS slot_size
pg_current_wal_lsn() AS current_1lsn
prs.restart_1lsn
psr.sent_1lsn
pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), psr.sent_1lsn)) AS sent_diff
write_lsn, pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), psr.write_lsn)) AS write_diff
replay_1lsn, pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), psr.replay_1lsn)) AS replay_diff
psr.write_lag
psr.flush_lag
psr.replay_lag
pg_catalog.pg_replication_slots prs
JOIN pg_stat_replication psr ON prs.active_pid =
R BY prs.slot_name, psr.pid;

psr.pid

—[ RECORD 1 ]
slot_name sub_skoleni
slot_type logical
plugin pgoutput
database testl4
temporary f
[active t ]
(pid 13740 ]
client_addr 127.0.0.1
usename lruser
application_name sub_skoleni
[state streaming |
cat_xmin_tm «Xi
slot_size 10 MB
current_1lsn 1/7EQO0OD8
restart_1lsn 1/7D588308
sent_1lsn 1/7EQO0OD8
sent_diff 0 bytes
write_1lsn 1/7EQO0OD8
write_diff 0 bytes
replay_1lsn 1/7E0006D8
replay_diff 0 bytes
write_lag «Xi
flush_lag «X»
replay_lag «H»
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PROBLEMY



CASTE 0BTEZE A TE7TCH RESENS

e “nerozjelo se to”
o opravnéni pro uzivatele pouzitého v subscription connection
m login, replication
m usage na schema a select na tabulky (copy_data=true) je default
e “zastavilo se to”
o Parametery: wal_sender_timeout, wal_receiver_timeout (default 1 min)
o constraint na strané subscription
m logy
e publisher nebo subscriber jsou trvale nedostupné
o napriklad ruseni jedné lokality
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"ONO SETO ZASTAVILD”

Publisher:

slot_name
slot_type
plugin
database
temporary
active

pid
client_addr
usename

state
cat_xmin_tm
slot_size
current_1lsn
restart_1lsn
sent_1lsn
sent_diff
write_1lsn
write_diff
replay_1lsn
replay_diff
write_lag
flush_lag
replay_lag

—[ RECORD 1 ]

application_name

sub_skoleni
logical
pgoutput
testl4

f

f

« X

« X

« X

« X

« X

2023-01-28 01:17:43.040343+01

16 kB
1/7E004030
1/7E0001CO
«X»

«X»

«X»

«X»

«X»

«X»

«X»

«X»

«X»

- ANALYZA

Subscriber:

2023-01-28 01:32:41.260 CET [14960] LOG: Tlogical replication apply worker for
subscription "sub_skoleni" has started

2023-01-28 01:32:41.280 CET [14960] ERROR: duplicate key value violates unique
constraint "weather_pkey"

2023-01-28 01:32:41.280 CET [14960] DETAIL: Key (weather_id)=(0) already
exists.

2023-01-28 01:32:41.282 CET [13718] LOG: background worker "logical replication
worker" (PID 14960) exited with exit code 1
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"ONO SETO ZASTAVILD”

Publisher:

—[ RECORD 1 ]
slot_name
slot_type
plugin
database
temporary
active
pid
client_addr
usename
application_name
state
cat_xmin_tm
slot_size
current_1lsn
restart_1lsn
sent_1lsn
sent_diff
write_1lsn
write_diff
replay_1lsn
replay_diff
write_lag
flush_lag
replay_lag

sub_skoleni
logical
pgoutput
testl4

f

f

« X

« X

« X

« X

« X

2023-01-28 01:17:43.040343+01

16 kB
1/7E004030
1/7E0001CO
«X»

«X»

«X»

«X»

«X»

«X»

«X»

«X»

«X»

- ANALYZA - POSTGRESQ

Subscriber:

2023-01-28 01:23:15.623 CET [14355] LOG: Tlogical replication apply worker for
subscription "sub_skoleni" has started

2023-01-28 01:23:15.652 CET [14355] ERROR: duplicate key value violates unique
constraint "weather_pkey"

2023-01-28 01:23:15.652 CET [14355] DETAIL: Key (weather_id)=(0) already
exists.

2023-01-28 01:23:15.652 CET [14355] CONTEXT: processing remote data for
replication origin "pg_16730" during message type "INSERT" for replication
target relation "skoleni.weather" in transaction 1638, finished at 1/7EQO3FBO

2023-01-28 01:23:15.656 CET [1916] LOG: background worker "logical replication
worker" (PID 14355) exited with exit code 1
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INTEGRITNT OMEZENT NA SUBSCRIBERU PLATE... FK. CONSTRAINT...

Subscriber:

[local] :5433 zelenya@testl5:17677

=# ALTER TABLE skoleni.weather ADD CHECK (weather_id > 0);
ALTER TABLE

Publisher:

[local]:5432 zelenya@testl14:17788

=# INSERT INTO skoleni.weather AS w (weather_id, ts, temp, pressure, description)
VALUES (0, '1970-01-01 00:00:00+00', 0, 1000, 'initial');

INSERT 0 1

Log sbscriberu:

2023-01-28 02:05:26.180 CET [17810] LOG: Tlogical replication apply worker for subscription "sub_skoleni" has started
2023-01-28 02:05:26.208 CET [17810] ERROR: new row for relation "weather'" violates check constraint "weather_weather_id_check"
2023-01-28 02:05:26.208 CET [17810] DETAIL: Failing row contains (0, 1970-01-01 01:00:00+01, 0, 1000, initial).

2023-01-28 02:05:26.208 CET [17810] CONTEXT: processing remote data for replication origin "pg_16811" during message type
"INSERT" for replication target relation "skoleni.weather" in transaction 1803, finished at 1/7F226EA8

2023-01-28 02:05:26.212 CET [14827] LOG: background worker "logical replication worker" (PID 17810) exited with exit code 1
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SUBSCRIBER - ZRUSENT SUBSCRIPTION

e funguje konektivita subsciber -> publisher

o ALTER SUBSCRIPTION sub_skoleni DISABLE;

o DROP SUBSCRIPTION sub_skoleni;

m automaticky odstrani replikacni slot na strané publisheru

e NEfunguje konektivita subsciber -> publisher

o ALTER SUBSCRIPTION sub_skoleni DISABLE;

o ALTER SUBSCRIPTION sub_skoleni SET (slot_name = NONE);

o DROP SUBSCRIPTION sub_skoleni;
e pokud publisher existuje (jen nemd spojeni)

o je treba zrus$it replikacni slot, jinak by WAL logy trvale jen rostly

o SELECT pg_catalog.pg_drop_replication_slot('sub_skoleni');
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PG _LOGICAL 50T _..

investigace probléml / preskoceni transakci

e pg_logical_slot_peek_changes
e pg_logical_slot_get_changes
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KONEC. PAVZA NA OBED
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PG _WALDUM?

postgres@alesnbbs:~/14/pglamain_arch$ /usr/hb/postgresql/l4/b1n/pg waldump -p /var/lib/postgresql/14/pgl4main_arch/ 1 62 1 63

rmgr: Standby len (rec/tot): 50/ 0, lsn: 0/62000028, prev 0/61028888 desc: RUNNING_XACTS nextXid 1194 latestCompletedXid 1193 oldestRunningXid 1194
rmgr: Standby len (rec/tot): 42/ 1194, 1lsn: 0/62000060 prev desc: LOCK xid 1194 db 13797 rel 16905

rmgr: Standby len (rec/tot): 42/ 1194, lsn: 0/62000090, prev , desc: LOCK xid 1194 db 13797 rel 16909

rmgr: Standby len (rec/tot): 42/ 1194, lsn: 0/620000C0, prev , desc: LOCK xid 1194 db 13797 rel 16904

rmgr: Standby len (rec/tot): 42/ 1194, 1lsn: 0/620000F0, prev , desc: LOCK xid 1194 db 13797 rel 16911

rmgr: Standby len (rec/tot): 42/ 1194, 1lsn: 0/62000120, prev desc: LOCK xid 1194 db 13797 rel 16910

rmgr: Heap2 len (rec/tot): 56/ 1194, 1lsn: 0/62000150, prev , desc: PRUNE latestRemovedXid @ nredirected © ndead 1, blkref #0: rel 1663/13797/1249
blk 16

rmgr: Heap2 len (rec/tot): 60/ 1194, lsn: 0/62000188, prev , desc: NEW_CID rel 1663/13797/2610; tid 0/41; cmin: 4294967295, cmax: 0, combo:
4294967295

rmgr: Heap len (rec/tot): 54/ 1194, lsn: 0/620001C8, prev , desc: DELETE off 41 flags 0x00 KEYS_UPDATED , blkref

rmgr: XLOG len (rec/tot): 114/ 0, lsn: 0/63000098, prev 0/63000060, desc: CHECKPOINT_ONLINE redo 0/63000060; tli 1; prev tli 1; fpw true; xid
0:1195; oid 25096; multi 1; offset 0; oldest ; oldest multi 1 in DB 1; oldest/newest commit timestamp xid: 0/0; oldest running xid 1195; online

rmgr: Standby len (rec/tot): 50/ 0, lsn: 0/63000110, prev 0/63000098, desc: RUNNING_XACTS nextXid 1195 latestCompletedXid 1194 oldestRunningXid 1195
rmgr: Storage len (rec/tot): 42/ 0, lsn: 0/63000148, prev 0/63000110, desc: CREATE base/16889/16913

rmgr: Heap2 len (rec/tot): 60/ 1195, lsn: 0/63000178, prev , desc: NEW_CID rel 1663/16889/1259; tid 0/9; cmin: 0, cmax: 4294967295, combo:
4294967295

rmgr: Heap len (rec/tot): 54/ 1195, 1lsn: 0/630001B8, prev , desc: INSERT off 9 flags 0x00, blkref #0: rel 1663/16889/1259 blk 0 FPW

rmgr: Btree len (rec/tot): 53/ 1195, 1lsn: 0/63000A28, prev , desc: INSERT_LEAF off 120, blkref #0: rel 1663/16889/2662 blk 2 FPW

rmgr: Btree len (rec/tot): 53/ 1195, lsn: 0/630013E8, prev , desc: INSERT_LEAF off 29, blkref #0: rel 1663/16889/2663 blk 1 FPW

rmgr: Btree len (rec/tot): 53/ 1195, lsn: 0/63002A38, prev , desc: INSERT_LEAF off 185, blkref #0: rel 1663/16889/3455 blk 4 FPW

rmgr: Heap2 len (rec/tot): 60/ 1195, lsn: 0/63003910, prev , desc: NEW_CID rel 1663/16889/1249; tid 54/39; cmin: 0, cmax: 4294967295, combo:
4294967295

rmgr: Heap2 len (rec/tot): 60/ 1195, lsn: 0/63003950, prev , desc: NEW_CID rel 1663/16889/1249; tid 54/40; cmin: 0, cmax: 4294967295, combo:
4294967295

rmgr: Heap2 len (rec/tot): 60/ 1195, 1lsn: 0/63003990, prev , desc: NEW_CID rel 1663/16889/1249; tid 54/41; cmin: 0, cmax: 4294967295, combo:
4294967295

rmgr: Heap2 len (rec/tot): 61/ 1195, 1lsn: 0/630039D0, prev desc: MULTI_INSERT 3 tuples flags 0x02, blkref #0: rel 1663/16889/1249 blk 54 FPW
rmgr: Btree len (rec/tot): 53/ 1195, 1lsn: 0/630051F8, prev , desc: INSERT_LEAF off 141, blkref #0: rel 1663/16889/2658 blk 14 FPW

rmgr: Btree len (rec/tot): 53/ 1195, lsn: 0/630065C8, prev , desc: INSERT_LEAF off 49, blkref #0: rel 1663/16889/2659 blk 10 FPW

rmgr: Btree len (rec/tot): 72/ 1195, lsn: 0/63006A00, prev , desc: INSERT_LEAF off 142, blkref #0: rel 1663/16889/2658 blk 14

rmgr: Btree len (rec/tot): 64/ 1195, lsn: 0/63006A48, prev , desc: INSERT_LEAF off 50, blkref #0: rel 1663/16889/2659 blk 10

rmgr: Btree len (rec/tot): 72/ 1195, lsn: 0/63006A88, prev desc: INSERT_LEAF off 141, blkref #0: rel 1663/16889/2658 blk 14

rmgr: Btree len (rec/tot): 64/ 1195, lsn: 0/63006ADO, prev , desc: INSERT_LEAF off 51, blkref #0: rel 1663/16889/2659 blk 10



PG _WALFILE _NAME _OFFSET()

pg_waldump -r Heap -p /var/lib/postgresql/14/pgld4main_arch/ 000000020000000100000051
rmgr: Heap len (rec/tot): 89/ 89, tx: 1432, 1lsn: 1/51000058, prev 1/51000028, desc:
INSERT off 110 flags 0x08, blkref #0: rel 1663/16889/16914 blk 1

testl4=# select x from pg_walfile_name_offset('1/51000058"');

file_name | file_offset
__________________________ +_____________

000000020000000100000051 | 88

postgres@alesnbbs:~/14$ xxd --seek 88 --len 89
/var/lib/postgresql/14/pgl4main_arch/000000020000000100000051

00000058: 5900 OOOO 9805 OOOO 2800 0051 0100 OGO Y....... (..Q....
00000068: 000a 0000 72b7 bb6e 0020 2800 7f06 0000 ....r..n. (.....
00000078: f941 0000 1242 0000 0100 0000 ffe3 0200 .A...B..........
00000088: 0208 1800 €600 0000 3d32 3032 332d 3031 ........ =2023-01

00000098: 2d32 3320 3233 3a35 303a 3033 2e35 3234 -23 23:50:03.524
000000a8: 3138 322b 3031 6e00 08 182+01n..



NA (O NEZAPOMENOUT

Zakladni prikazy
o disable = suspend (data ze slotu nezmizi)
o jak dropnout subscr. kdyz se nemuze pripojit na publisher pro
dropnuti slotu

refresh subscr - kdy je potreba
poradi pridavani/odebirani sloupcu z repl. tabulek
constrainity na subscriberu se uplatnuji

prava pro roli nastavenou v subscription
o replication
o select na zdrojové tabulky (jen pokud copy_data = true)
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OBVYKLE PROBLEMY A JETICH RESENT

e UPDATE prendsi muze cely radek, nikoliv jen zménéné
sloupce (Pgl5 - vsSechny vybrané sloupce)

e V ramci jedné instance nejde zalozit v jedné DB
subscription s automatickym vytvorenim replikacniho slotu
v druhé z databazi

e prava pro roli nastavenou v subscription
o vreplication
o select na zdrojové tabulky (jen pokud copy_data = true)

e zapomenute sloty - WAL roste ad limitum
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