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Logical replication

Storage flexibility

Event tracking

Giving access to replicated data to different groups of users.
Scaling

Data distribution

Flexible replication chains

Data transformation

Upgrading major versions of PostgreSQL



Logical replication in Avito

Data streams in Avito (https://pgconf.ru/2016/89825)
Building data streams (https://pgday.ru/ru/2016/papers/79)
Logical replication in Avito (https://goo.gl/xSBXeT)

Dictionaries delivery
Load balancing B AR
Partial replication to services

Data streaming to search systems

Persistent queue
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Interservice communication



https://pgconf.ru/2016/89825
https://pgday.ru/ru/2016/papers/79
https://goo.gl/xSBXeT

Lon

diste

https://www.pgcon.org/2009/schedule/attachments/91_pgqg.pdf

https://github.com/avito-tech/skytools

" Master >

> QUSLIE > batth of event

londiste worker

ticker
source table
/ sqltriga r—1 o] T tondisto
chanfelog ’,/- tick " avent tracking completed

—__ Slave >

oML ™ target table

\\___"__‘_/



https://www.pgcon.org/2009/schedule/attachments/91_pgq.pdf
https://github.com/avito-tech/skytools

Streaming

master standby
Shared buffers Shared buffers
BK BKBK BK BK BK BK BK 8K BK !
S BKBKBREK BY & A BRBKBKBK 8K
h e ap Postgres executor Postgres executor / h e ap

J ‘ Startup process

~ Oscache

Replication slot |

WAL sender > WAL receiver 16 Mb




Logical
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Recovery use cases

(1) Reinitializing subscriber from another subscriber

(2) UNDO recovery on the destination side

(3) REDO - reposition source (subscriber's crash)

(4) REDO 2 - on provider's side (provider's crash and
switching to the provider's standby, subscriber is falling

behind)

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery _Use Cases_for_Logical _Replication_in_PostgreSQL10.txt
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(1) Reinitializing subscriber from
another subscriber
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(repca2)

S —
subscriber
(repcal)

* There are two replicas for redundancy (Crashes can happen so if
you want to have no downtime, reserve every node)



(1) Reinitializing subscriber from
another subscriber
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(1) Reinitializing subscriber from
another subscriber
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(1) Reinitializing subscriber from
another subscriber
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(1) Reinitializing subscriber from
another subscrlber
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(1) Reinitializing subscriber from
another subscriber
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(1) Reinitializing subscriber from
another subscriber

1. Creating a logical slot for a new subscriber:
pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput

psql -p 5432 -U postgres -X -d src -c 'select slot_name, active from pg_replication_slots'

(2 rows)




(1) Reinitializing subscriber from
another subscriber

1. Creating a logical slot for a new subscriber:
pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput

psql -p 5432 -U postgres -X -d src -c 'select slot_name, active from pg_replication_slots'

. Disabling active subscription: (3 rows)

subscriber

(repcal) psgql -p 5434 -U postgres -X -d dst -c 'alter subscription repcal disable'

%@ Avito




(1) Reinitializing subscriber from
another subscriber

1. Creating a logical slot for a new subscriber:
pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput

psql -p 5432 -U postgres -X -d src -c 'select slot_name, active from pg_replication_slots'

slot name | active

repcal
repcaz2
2. Disabling active subscription: (3 rows)

[ ————

subscriber

(repcal) psgql -p 5434 -U postgres -X -d dst -c 'alter subscription repcal disable'

3. Logging current LSN:

S%;gﬁ? psql -p 5434 -U postgres -X -d dst -c 'select remote_lsn from pg_replication_origin_status'

%@ Avito



(1) Reinitializing subscriber from
~another subscriber

subscriber
(repcal)

4. pg_dump -p 5434 -U postgres -Fc --serializable-deferrable --no-subscriptions -d dst \
| pg_restore -p 5435 -U postgres -C -d postgres

subscriber
(repca2)

e

%@ Avito



(1) Reinitializing subscriber from
~another subscriber

subscriber
(repcal)

4. pg_dump -p 5434 -U postgres -Fc --serializable-deferrable --no-subscriptions -d dst \
| pg_restore -p 5435 -U postgres -C -d postgres

subscriber
(repca2)

5. At the same time:
psql -p 5434 -U postgres -X -d dst -c 'alter subscription repcal enable'

subscriber
(repcal)

psgql -p 5432 -U postgres -X -d src
-c 'select slot_name, restart_lsn, confirmed_flush_lsn, active from pg_replication_slots'

slot name | restart lsn | confirmed flush lsn | active

standby | 8/3083A6A0 |

repcal | 8/303A588 | 0/303A6A8
repca2 | ©/3039F96 | 0/3039FC8
[3 rows)

%@ Avito



(1) Reinitializing subscriber from
another subscriber

subscriber
(repca2)

subscriber
(repcal)

restart_1lsn = restart_1lsn

slot name | plugin slot type | datoid | database
——————————— e L
repcaz2 | pgoutput | logical | 16384 | src
repcal | pgoutput | logical | 16384 | src
standby | | physical | |

subscriber subscriber
(repcal) (repca2)

slot name | plugin 5
.__+ ____________________

repcaz2 | pgoutput | logical 16384 | src 561 | 8,/3840308 | 8/3040A08

repcal | pgoutput | logical 16384 | src t 16727 | 562 | U#?Q&]UAS

standby | | physical t 15871 |

%@ Avito




(1) Reinitializing subscriber from
another subscriber

6. Creating subscription

cubscriber.  PSQl -p 5435 -U postgres -X -d dst -f- <<'EOF'
(repca2) create subscription repca2 connection 'port=5432 dbname=src'
publication pub with (enabled = false, create_slot = false, copy_data = false);

select oid, * from pg_subscription;
EOF

CREATE SUBSCRIPTION
oid

16557
(1 row)

%@ Avito




(1) Reinitializing subscriber from
another subscriber

6. Creating subscription

subscriver  PSQl -p 5435 -U postgres -X -d dst -f- <<'EOF'
(repca2) create subscription repca2 connection 'port=5432 dbname=src'
publication pub with (enabled = false, create_slot = false, copy_data = false);

select oid, * from pg_subscription;
EOF

CREATE SUBSCRIPTION
oid

16557
(1 row)
Moving LSN

St‘rt;;iﬂg‘?r psql -p 5435 -U postgres -X -d dst -c "select pg_replication_origin_advance('pg_16557"', '0/3039E78"')"
# psql -p 5434 -U postgres -X -d dst -c 'select remote_lsn from pg_replication_origin_status'

subscriber
(repcal)

B/3039E/78

%@ Avito




(1) Reinitializing subscriber from
another subscriber

8. Checking the subscription state:

psql -p 5435 -U postgres -X -d dst -c 'select * from pg_replication_origin_status'

local id | external id | remote lsn | local lsn
—————————— e e ettt LT

1 | pg 16557 | ©/3039E78

%@ Avito



(1) Reinitializing subscriber from
another subscriber

8. Checking the subscription state:

psql -p 5435 -U postgres -X -d dst -c 'select * from pg_replication_origin_status'

subscriber
(repca2)

local id | external id | remote 1sn | local 1lsn

1 | pg 16557 | ©/3039E78 | ©/0

Enabling subscription:

subscriber

(iepcaz) psgql -p 5435 -U postgres -X -d dst -c 'alter subscription repca2 enable'

psql -p 5432 -U postgres -X -d src
-c 'select slot_name, restart_lsn, confirmed_flush_lsn from pg_replication_slots'

slot name | restart lsn | confirmed flush lsn

repcal
repca2
(3 rows)

%@ Avito



(1) Reinitializing subscriber from
another subscriber

subscriber 'ijpé:haclc;-debian- i~%
(repcal) postgres@pghack-debian-8:~% psql -U postgres -X -d dst -c¢ 'select * frof pg replication origin status'
local id | external id | remote 13 ocal lsn

—————————— R et ¥

1 | pg 1643@ | B/303A588 | Bs17216CH
(1 row)

postgres@pghack-debian-8:~% psql —LJ postgres -X -d dst -c 'select * from{ pg replication origin status’
subscriber local id | external id | remote lsn | local lsn
(repca2) | [ T P e e B i - -
1 | pg_ 16557 | 8/303A588 | ©/16EA318@
(1 row)

%@ Avito




Recovery use cases

(1) Reinitializing subscriber from another subscriber

(2) UNDO recovery on the destination side

(3) REDO - reposition source (subscriber's crash)

(4) REDO 2 - on provider's side (provider's crash and
switching to the provider's standby, subscriber is falling

behind)

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery _Use Cases_for_Logical _Replication_in_PostgreSQL10.txt
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(2) UNDO

recovery on the destination side

subscriber
(repcal)

%@ Avito



(2) UNDO

%@ Avito

recovery on the destination side

provider
(standby)

1 crash

subscriber
(repcal)

undo




(2) UNDO

recovery on the destination side

subscriber
(repcal)

-

,
2 promotes
[ |

%@ Avito



(2) UNDO

recovery on the destination side

promoted

provider
(standby)

N4

3 apply undo

%@ Avito



(2) UNDO

recovery on the destination side

4 start
consumer subscriber

%@ Avito



(2) UNDO

recovery on the destination side

create table undo_log (
id bigserial primary key,
txtime timestamptz default now(),
lsn pg 1lsn default pg replication origin session progress(false),
dst_schema name, dst_table name,

undo cmd char, cmd data hstore, cmd pk hstore -- identity
) ;i
select

id, LSN, dst schema, dst table, undo cmd, cmd data, cmd pk
from

undo_log order by id

8/308377D08 | public
©/30377D8 | public
8/30837E80 | public
8/30837E80 | public
B8/3037E88 | public
B,/3038598 | public
B,/3038598 | public
8/3838590 | public

"cat id"=>"3"
"item id"=="4"
"cat id"=="36"
"cat id"=>"37"
"cat id"=>"38"
"cat id"=>"39"
"cat id"=>"4@"
"cat id"=>"41"

o Pk

7
8
D

=
=

=
=
———————— o —

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018 Ottawa/Recovery Use Cases_for_Logical Replication_in_PostgreSQL10.txt
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(2) UNDO

recovery on the destination side

1. Write down the WAL replay LSN before promotion

psql -p 5433 -U postgres -X -d src -c 'select pg last wal replay lsn()'
pg last wal replay lsn

8/3037F60

L1l row)




(2) UNDO
recovery on the destination side

1. Write down the WAL replay LSN before promotion
psgl -p 5433 -U postgres -X -d src -c 'select pg last wal replay lsn()'

pg last wal replay Llsn

8/3037F60

L1 ruw)

2. Logical Replication Slot isn't replicated to the standby, that's why you shouldn't turn on
traffic immediately after promotion of standby

pg ctl -D /var/lib/postgresql/10/standby promote

pg_recvlogical -p 5433 -U postgres -d src --create-slot -S repcal -P pgoutput




(2) UNDO
recovery on the destination side

1. Write down the WAL replay LSN before promotion
psgl -p 5433 -U postgres -X -d src -c 'select pg last wal replay lsn()'

pg last wal replay lsn

B/3037F60
L1 ruw)

2. Logical Replication Slot isn't replicated to the standby, that's why you shouldn't turn on
traffic immediately after promotion of standby

pg ctl -D /var/lib/postgresql/10/standby promote

pg_recvlogical -p 5433 -U postgres -d src --create-slot -S repcal -P pgoutput

3. There are some changes for Undo

bscrib
Saﬁgﬁr select id, LSN, dst_schema, dst_table, undo cmd, cmd data, cmd pk from undo log

0/30377D8 ' at ) "cat id"=>"3"
0/30377D8 ' ) "item id"=="4"
0/3037E80 | public ) "cat id"=="4"
B/3037E88 | public )

©/3037E80 | public ) "cat id"=="g"

(5 rows;

%@ Avito



(2) UNDO

recovery on the destination side

4. Current subscriber's LSN
psgl -p 5434 -U postgres -X -d dst -c 'select * from pg replication origin status'

subscriber
(repcal)

1 | pg 16430 | 8/3038480 | ©/16FA1DO




(2) UNDO

recovery on the destination side

4. Current subscriber's LSN
psgl -p 5434 -U postgres -X -d dst -c 'select * from pg replication origin status'

subscriber . .
(repcal) local id | external id | remote lsn | local lsn
————————— e R S R R R

1 | pg 16438 | 8/3838480 | 0/16FAlD®

5. Applying Undo

subscriber
(repcal)
i postgres@pghack-debian-8:~% psql -p 5434 -U postgres -X -d dst -c('select run undo('©/3037F60"')"
NOTICE: last applied LSN: 0/3838480
NOTICE: wundo events with LSN == 8/3037E80
NOTICE: wundo (5 | ©/3037E88): DELETE FROM ONLY public.cats d WHERE d.cat id
NOTICE: wundo (4 | ©/3037E80): DELETE FROM ONLY public.cats d WHERE d.cat id
NOTTCF:  undn (3 | A/3AITFRA) - NFIFTF FROM ONIY public.cats d WHERE d.cat id
NOTICE: set current replayed LSN to ©/3837E86

run_undo

(1 row)

%@ Avito



(2) UNDO

recovery on the destination side

4. Current subscriber's LSN
psgl -p 5434 -U postgres -X -d dst -c 'select * from pg replication origin status'

subscriber . .
(repcal) local id | external id | remote lsn | local lsn
————————— e R S R R R

1 | pg 16438 | 8/3838480 | 0/16FAlD®

5. Applying Undo

subscriber
(repcal)

postgres@pghack-debian-8:~% psql -p 5434 -U postgres -X -d dst -c ("select run undo('®/3037F60")"
NOTICE: last applied LSN: 0/3838480
NOTICE: wundo events with LSN == ©/30837E80
NOTICE: wundo (5 | ©/3037E80): DELETE FROM ONLY public.cats d WHERE d.cat id
NOTICE: wundo (4 | ©/3037EBO): DELETE FROM ONLY public.cats d WHERE d.cat id
NOTTCF-  undn (3 | A/3AITFRA) - NFIFTF FROM ONIY public.cats d WHERE d.cat id =
NOTICE: set current replayed LSN to ©/3837ES86
run_undo

(1 row)

6. Enabling logical replication

subscriber
(repcal)

psgl -p 5434 -U postgres -X -d dst -c 'alter subscription repcal enable'

%@ Avito




(2) UNDO

recovery on the destination side

pg_replication_origin_session_progress(false) - shows lsn of the previous change in transaction
LSN 5 LSN 8 LSN 12 LSN 15
| | ~
master
LSN 5 LSN 8
-
standby
subscriber
(repcal)
LSN 3 LSN 5 LSN 8 LSN 12
| | ~

repca




(2) UNDO

recovery on the destination side

pg_replicatIom™emmgsin session_progress(false) - shows lsn of the previous chanasg ansaction
LSN 5 LSN 8 . LSN 15
: * -
master
LSN 5 LSN 8
-
standby
subscriber
(repcal)
LSN 3 LSN 5 LSN 8 LSN 12
| | ~

repca




(2) UNDO

recovery on the destination side

Few sources, one subscription and Undo

 In the trigger get the subscriber's name and write it to the undo log with opposite actions

select subname
from

pg stat subscription p
where

p.pid = pg backend pid()

%@ Avito



(2) UNDO

recovery on the destination side

Few sources, one subscription and Undo

 In the trigger get the subscriber's name and write it to the undo log with opposite actions

select subname
from

pg stat subscription p
where

p.pid = pg backend pid()

* On the publication side there is no possibility to find out who consumes the slot. As we
don't know links between subscriber and publisher — we need to make an external list with
logical consumers ( for londiste we do the same thing), to apply undo if the source is

crashed

%@ Avito



(2) UNDO

recovery on the destination side

Few sources, one subscription and Undo

 In the trigger get the subscriber's name and write it to the undo log with opposite actions

select subname
from

pg stat subscription p
where

p.pid = pg backend pid()

* On the publication side there is no possibility to find out who consumes the slot. As we
don't know links between subscriber and publisher — we need to make an external list with
logical consumers ( for londiste we do the same thing), to apply undo if the source is
crashed

* So the consumer name has to be in special format. This will be useful to find out the link
between publication and subscription

%@ Avito



Recovery use cases

(1) Reinitializing subscriber from another subscriber

(2) UNDO recovery on the destination side

(3) REDO - reposition source (subscriber's crash)

(4) REDO 2 - on provider's side (provider's crash and
switching to the provider's standby, subscriber is falling

behind)

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery _Use Cases_for_Logical _Replication_in_PostgreSQL10.txt
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(3) REDO

reposition source (subscriber's crash)

subscriber's
- master
(repcal)

-

[ ——
subscriber's
standby
(repca2)

%@ Avito



(3) REDO

reposition source (subscriber's crash)

1 crash

provider master

7s£scrgeri
standby
(repca2)

%@ Avito



(3)

%@ Avito

REDO

reposition source (subscriber's crash)

 provider

(main)

promoted

subscriber
standby
(repca2)

---------------
bl
-
~
~
~




(3) REDO

reposition source (subscriber's crash)

master
subscriber
(repcal)
,
[ ]
[}
1 1
Vo3 changing the queue :
', position according to .
% destination 1 e —
. ; promoted
‘. .
\R N subscriber
.. R standby
AR . (repca?2)
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(3) REDO

reposition source (subscriber's crash)

master
subscriber
(repcal)

4 Start the replaying

of the logical replicaton
promoted

subscriber
standby
(repca2)

%@ Avito



(3) REDO

reposition source (subscriber's crash)

The command for moving a replication slot. We create the slot

manually for the promoted consumer's standby to prevent replicated
gqueue (WAL) rotation on provider's side:

psgl -p 5433 -U postgres -X -d src
-c "
select * from pg logical slot get binary changes(
'repcal'::name,
'0/38AFCCO'::pg lsn,
null::int,
variadic array|[ 'proto version', 'l', 'publication names',
'pub’ ]
)

%@ Avito




(3) REDO
reposition source (subscriber's crash)

1. Creating a logical slot to prevent WAL's rotation on provider's side(these WAL files can be
needed for promoted subscriber's standby)

pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput
psgl -p 5432 -U postgres -X -d src
-c 'select slot_name, active, confirmed_ flush lsn from pg replication_slots'
slot name | active | confirmed flush 1lsn

| 8/16631F8
| 8/16631F8

%@ Avito



(3) REDO
reposition source (subscriber's crash)

1. Creating a logical slot to prevent wal's rotation on provider's side(these WAL files can be
nedeed for promoted subscriber's standby)

pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput

psgl -p 5432 -U postgres -X -d src
-c 'select slot_name, active, confirmed_ flush lsn from pg replication_slots'
slot name | active | confirmed flush 1lsn

2. Adding new changes for our logical consumer:

psql -p 5432 -U postgres -1 -X -d src -f- <<'EOF'
insert into cats (cat_name) values ('category 3');

EOF

%@ Avito




(3) REDO
reposition source (subscriber's crash)

1. Creating a logical slot to prevent wal's rotation on provider's side(these WAL files can be
nedeed for promoted subscriber's standby)

pg_recvlogical -p 5432 -U postgres -d src --create-slot -S repca2 -P pgoutput

psgl -p 5432 -U postgres -X -d src
-c 'select slot_name, active, confirmed_ flush lsn from pg replication_slots'
slot name | active | confirmed flush lsn

2. Adding new changes for our logical consumer:
psql -p 5432 -U postgres -1 -X -d src -f- <<'EOF'
insert into cats (cat name) values ('category 3');
EOF

3. Replication slot for our subscriber's standby is in the past

psql -p 5432 -U postgres -X -d src

-c 'select slot_name, active, confirmed flush lsn from pg replication_slots'

slot name | active | confirmed flush 1lsn
| 8/1663410

repcaz ] | 9/16631F8
(2 rows)

%@ Avito




(3) REDO

reposition source (subscriber's crash)

4. Checking pg_replication_origin status on subscriber's side and subscriber's standby side:

(repcal)

_————

subscriber
standby
(repca2)

subscriber

psql -p 5434 -U postgres -X -d dst -c 'select local lsn from pg replication origin status'
local lsn

/3034380

psqgl -p 5435 -U postgres -X -d dst -c 'select local lsn from pg replication origin status'
local lsn

0/30343B0




(3) REDO
reposition source (subscriber's crash)

4. Checking pg_replication_origin status on subscriber's side and subscriber's standby side:
subscriber psql -p 5434 -U postgres -X -d dst -c 'select local lsn from pg replication origin_status'

(repcal) local lsn
_— 0/30343B06
subscriber
ﬁgﬁﬁ% psqgl -p 5435 -U postgres -X -d dst -c 'select local lsn from pg replication origin status'
local lsn
5. “Moving” replication slot with the help of SQL protocol 8/30343B06

psql -p 5432 -U postgres -X -d src -c "select * from
pg_logical slot get binary changes('repca2'::name, '0/1663410'::pg lsn, null::int,
variadic array|['proto version', 'l', 'publication names', 'pub'])"

postgres@pghack-debian-8:~$% psql -p 5432 -U postgres -X -d src -c "select * from pg logical slot get binary changes|'repca2’::name, '0/1663410":
:pg_lsn, null::int, variadic array['proto _version', 'l', 'publication_names', 'pub'])"
1sn | xid | data

8/16631F8 | 559 | \x4200000000016632cB00020eea519f26260000022T

8/16631F8 AORE40037075626C6963006361747300640002016361745T00640000000017FFffffffo06361745T6c6lbde50000000019FFfTffff
0/16631F8 5000040034e€ 740000000133740000000a63617465676T72792033

B/16632F8 159 \X430000000000016632c80000NN000D16632TE800020eca519T26e6

(4 rows)

%@ Avito




(3) REDO

reposition source (subscriber's crash)

4. Checking pg_replication_origin status on subscriber's side and subscriber's standby side:

psqgl -p 5434 -U postgres -X -d dst -c 'select local lsn from pg replication origin_status'
local lsn

subscriber
(repcal)

subscriber
standby
(repca2)

0/30343B0

psgl -p 5435 -U postgres -X -d dst -c 'select local lsn from pg replication origin status'
local lsn

“Moving” replication slot with the help of SQL protocol 8/30343B06

psql -p 5432 -U postgres -X -d src -c "select * from
pg_logical slot get binary changes('repca2'::name, '0/1663410'::pg _lsn, null::int,
variadic array|['proto version', 'l', 'publication names', 'pub'])"

postgres@pghack-debian-8:~$% psql -p 5432 -U postgres -X -d src -c "select * from pg logical slot get binary changes|'repca2’::name, '0/1663410":
:pg_lsn, null::int, variadic array['proto _version', 'l', 'publication_names', 'pub'])"

8/16631F8
8/16631F8
8/16631F8
B/16632F8
(4 rows)

LSN for both replication slots are equal
psql -p 5432 -U postgres -X -d src
-c 'select slot name, active, confirmed flush lsn from pg replication slots'

| 8/16634160
| 9/1663416

%@ Avito




(3) REDO

reposition source (subscriber's crash)

7. “Emulating delay of subscriber's standby replication”

1) sudo mcedit /var/lib/postgresql/10/repcal/pg hba.conf

subscriber

(repcal) 2) reload config
3) psql -p 5434 -U postgres -X -d dst -c "select pg terminate_backend(active_pid) from

Pg_replication_slots where slot_name = 'repca2'"




(3) REDO
reposition source (subscriber's crash)

7. “Emulating delay of subscriber's standby replication”

1) sudo mcedit /var/lib/postgresql/10/repcal/pg hba.conf

subscriber .
(repcal) 2) reload config
3) psql -p 5434 -U postgres -X -d dst -c "select pg terminate backend(active pid) from
pg_replication slots where slot name = 'repcal'"

8. Adding one more record in the replicated table

postgres@pghack-debian-8:~$ psql -p 5432 -U postgres -1 -X -
> insert into cats (cat name) values ('category 4');

= EOF
INSERT @ 1

%@ Avito




(3) REDO
reposition source (subscriber's crash)

7. “Emulating delay of subscriber's standby replication”

1) sudo mcedit /var/lib/postgresql/10/repcal/pg hba.conf

subscriber .

(repcal) 2) reload config
3) psql -p 5434 -U postgres -X -d dst -c "select pg terminate backend(active pid) from
pg_replication slots where slot name = 'repcal'"

Adding one more record in the replicated table

postgres@pghack-deblan-8:~% psql -p 5432 -U postgres -1 -X -d src -
> insert into cats (cat name) values ('category 4');

> EOF
INSERT @ 1

As expected subscriber's standby falls behind

postgres@pghack-debian-8:~$ psql -p 5434 -U postgres -X -d dst -c 'select * from cats'

: cat id | cat name
subscriber = =

(repcal)
category 1

category 2
category 3
category 4

subscriber
standby
(repca2)

%@ Avito




(3) REDO

reposition source (subscriber's crash)

10. “Subscriber's crash”. Subscriber's standby is still behind

s ostgres@pghack-debian-8:~$ fusr/lib/postgresql/10/bin/pg ctl -D /var/lib/postgresql/10/repcal -m i -0 "-p 5434" stop
(repcal) yaiting for server to shut down.... done
server stopped
postgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select * from cats’
cat name
subscriber -
standby category 1
(repca2) : category 2
category 3

(3 rows)
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(3) REDO

reposition source (subscriber's crash)

10. “Subscriber's crash”. Subscriber's standby is still behind
postgres@pghack-debian-8:~$ Jusr/lib/postgresql/18/bin/pg ctl -D /var/lib/postgresql/10/repcal -m i -0 "-p 5434" stop

subscriber T
vaiting for server to shut down.... done

(repcal)
server stopped
postgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select * from cats®

cat id | cat name

subscriber
standby
(repca2)

11. Dropping slot which was consumed by crashed subscriber's primary

"select pg drop replication slot('repcal’)"

postgres@pghack-debian-8:~% psql -p 5432 -U postgres -X -d src -c
pg drop replication slot

-U postgres -X -d src -c 'select * from pg_replication slots'

postgres@pghack-debian-8:~% psql -p 5432

slot name | plugin | slot type | datoid | database | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush lsn

——————————— T e e e
568 | 8/16633D8 | 8/1663418

repcaz2 | pgoutput | logical | 16384 | src | |

(1 row)
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(3) REDO

reposition source (subscriber's crash)

12. Checking pg_replication_origin_status

PRSI P05 tgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select * from pg_replication_origin_status’
standby local id | external id | remote lsn | local lsn
(repca2) | | e E ey S S fommmmmm frmmmmmmm——=

1 | po 16415 | 8/16632F8 | 8/30343E6

(1 row)
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(3) REDO

reposition source (subscriber's crash)

12. Checking pg_replication_origin_status

IPRSESIN P0 s tgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c

standby local id | external id | remote lsn | local lsn
(repca2)

1 | po 16415
(1 row)

13. Sync “subscriber's standby slot” actual with subscriber's standby pg_replication_origin

postgres@pghack-debian-8:~$ psql -p 5432 -U postgres -X -d src -c "select * from pg_logical slot get binary changes('repca2'::name, '8/16632F8'::pg_lsn,
\ lsn | xi

_____ e e e o
(0 rows)
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(3) REDO

reposition source (subscriber's crash)

12. Checking pg_replication_origin_status

RSN P05 tgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select * from pg_replication_origin_status’

standby local id | external id | remote lsn | local lsn
(repca2) | | e E ey S S fommmmmm frmmmmmmm——=

1 | pg 16415 | B/16632F8 | B/30343B0
(1 row)

13. Sync “subscriber's standby slot” actual with subscriber's standby pg_replication_origin

s@pghack-debian-8:~$% psql -p 5432 -U postgres -X -d src -c "select * from pg_logical slot get binary changes('repca2'::name, '©/16632F8'::pg_Lsn,

" standby hack-debian-8:~% psql -p 5435 - X elect * from cats’
g2 ' cat name

%@ Avito



(3) REDO

reposition source (subscriber's crash)

15. Promoting subscriber's standby

promoted

subscriber
standby
(repca2)

postgres@pghack-debian-8:~% /fusr/lib/postgresql/10/bin/pg ctl -D /var/lib/postgresql/18/repca2 promote
yaiting for server to promote.... done

server promoted

postgres@pghack-debian-8:~% tail /var/log/post

2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11
2018-05-11

%@ Avito

[13852]
[13852]
[13852]
[13852]
[13852]
[13851]
[19305]
[193085]
[13851]
[19314]
[19314]
[13851]
[19321]
[19321]
[13851]

LOG: received promote request

LOG: redo done at 0/3034490

LOG: last completed transaction was at log time 2018-05-11 13:25:07.943351+83

L0G: selected new timeline ID: 2

LOG: archive recovery complete

LOG: database system is ready to accept connections

L0G: Tlogical replication apply worker for subscription "repcal" has started

ERROR: could not start WAL streaming: ERROR: replication slot "repcal" does not exist

LOG: worker process: logical replication worker for subscription 16415 (PID 19385) exited with exit code 1
L0G: Tlogical replication apply worker for subscription "repcal" has started

ERROR: could not start WAL streaming: ERROR: replication slot "repcal" does not exist

LOG: worker process: logical replication worker for subscription 16415 (PID 19314) exited with exit code 1
L0G: Tlogical replication apply worker for subscription "repcal" has started

ERROR: could not start WAL streaming: ERROR: replication slot "repcal" does not exist

L0OG: worker process: logical replication worker for subscription 16415 (PID 19321) exited with exit code 1




(3) REDO

reposition source (subscriber's crash)

16. Promoted subscriber's standby is still behind

promoted postgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select *# from cats’

subscriber cat name
standby =
(repca2)

(3 rows)

postgres@pghack-debian-8:~$ psql -p §432 -U postgres -X -d src -c 'select * from cats’
cat id | cat name

category 1

category 2

category 3

category 4
(4 rows)
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(3) REDO

reposition source (subscriber's crash)

16. Promoted subscriber's standby is still behind

promoted postgres@pghack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select *# from cats’

subscriber cat name
standby =
(repca2)

postgres@pghack-debian-8:~$ psql -p §432 -U postgres -X -d src -c 'select * from cats’
cat id | cat name

category 1
category 2
category 3
category 4

promoted

subscriber
standby
(repca2)

LTER SUBSCRIPTION
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(3) REDO

reposition source (subscriber's crash)

18. Slot turned on and started being consumed by subscriber

an-8:~% psqg 5432 -U postgres -X - ' rom pg replication slc
| slot type | datoid | datab | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush 1lsn

%@ Avito




(3) REDO

reposition source (subscriber's crash)

18. Slot turned on and started being consumed by subscriber

postgres@pghack-debls . -p 5432 -U postgres -X -d src -c 'select * from pg replication C
slot name | | =10‘r ‘r'.rp-= | datoid | database | temporary | active | active pld | xmin | ca‘ralou xmin | restart lsn | confirmed flush lsn

gﬁgﬂﬁ; postgres@pghack-debian-8:~$ psql -p 5435 -U postgres -X -d dst -c 'select * from pg replication origin status’
standby local id | external id | remote lsn | local lsn

(repca2)

hack-debian-8:~% psql -p 5435 -U postgres -X -d dst -c 'select * from cats’
cat name

(4 row
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(3) REDO

Algorithm for consuming a reserved slot

« Taking the LSN position for the subscriber's master's slot from

pg_replication_slots

pghack@pghack-debian-8:~% psql --cluster 18/main -U postgres -X -d src -c 'select * from pg replication slots'
slot name | plugin | slot type | datoid | database | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush lsn

repca2 | pgoutput | legical 16384 | src
repcal | pgoutput | legical 16384 | src

%@ Avito



(3) REDO

Algorithm for consuming a reserved slot

« Taking the LSN position for the subscriber's master's slot from

pg_replication_slots

pghack@pghack-debian-8:~% psql --cluster 18/main -U postgres -X -d src -c 'select * from pg replication slots'
slot name | plugin | slot type | datoid | database | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush lsn

repca2 | pgoutput | legical | 16384 | src | 559 | A/3IAITAAA /30
repcal | pgoutput | legical | 16384 | src t 568 | B/3837B68 | 8/3037BAG

subscriber

e o Check pg _replication _origin on the subscriber's master
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(3) REDO

Algorithm for consuming a reserved slot

« Taking the LSN position for the subscriber's master's slot from
pg_replication_slots

pghack@pghack-debian-8:~% psql --cluster 18/main -U postgres -X -d src -c 'select * from pg replication slots'

slot name | plugin | slot type | datoid | database | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush lsn
repca2 | pgoutput | legical | 16384 | src 559 | A/3IAITAAA | 8/3037B68
repcal | pgoutput | legical | 16384 | src t 568 | B/3837B68 | 8/3037BAG

_ ————

subscriber

e o Check pg _replication _origin on the subscriber's master

« Wait until the subscriber's master's pg _replication_origin is

subscriber
standby

=2 S@en on the subscriber's standby side
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(3) REDO

Algorithm for consuming a reserved slot

« Taking the LSN position for the subscriber's master's slot from
pg_replication_slots

pghack@pghack-debian-8:~% psql --cluster 18/main -U postgres -X -d src -c 'select * from pg replication slots'
slot name | plugin | slot type | datoid | database | temporary | active | active pid | xmin | catalog xmin | restart lsn | confirmed flush lsn

repca2 | pgoutput | legical | 16384 | src 559 | A/3IAITAAA | 8/3037B68
repcal | pgoutput | legical | 16384 | src t 568 | B/3837B68 | 8/3037BAG

subscriber

e o Check pg _replication _origin on the subscriber's master

« Wait until the subscriber's master's pg _replication_origin is

subscriber
standby

=2 S@en on the subscriber's standby side

« Consume the reserved slot (subscriber's standby slot)

select * from pg logical slot get binary changes('repca2'::name,

'0/3037B68"'::pg_lsn, null::int, variadic array|[ 'proto version',6 'l',

'publication names', 'pub'])"

%@ Avito




Recovery use cases

(1) Reinitializing subscriber from another subscriber

(2) UNDO recovery on the destination side

(3) REDO - reposition source (subscriber's crash)

(4) REDO 2 - on provider's side (provider's crash and
switching to the provider's standby, subscriber is

falling behind)

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery _Use Cases_for_Logical _Replication_in_PostgreSQL10.txt

%@ Avito 73


https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery_Use_Cases_for_Logical_Replication_in_PostgreSQL10.txt

(4) Redo 2

on provider's side (provider's crash and switching to
the provider's standby, subscriber is falling behind)

subscriber
(repcal)
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(4) Redo 2

on provider's side (provider's crash and switching to
the provider's standby, subscriber is falling behind)

subscriber

provider (repcal)

(standby)

1 crash
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(4) Redo 2

on provider's side (provider's crash and switching to
the provider's standby, subscriber is falling behind)

subscriber
(repcal)

,
2 promotes
[ |
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(4) Redo 2

on provider's side (provider's crash and switching to
the provider's standby, subscriber is falling behind)

promoted subscriber

provider
(standby)

Data loss

* https://wiki.postgresqgl.org/wiki/Failover_slots
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SkyTools  PostgreSQL10

(1) Reinitializing subscriber OK
from another subscriber To do 1: Make pg_replication_origin “transactional” ~ “pin to snapshot”

To do 2: Dump the state of logical replication with pg_dump or option to
enable it.

(2) UNDO recovery on the OK
destination side To do 3: Implement "logical UNDO" / or SQL API
OK

To do 4: Track the progress of consuming a logical slot on the subscriber:
“provider_restart_Isn” to make it easier to implement Redo case

(3) REDO reposition source
(subscriber's crash)

To do 5: Compare LSN between subscriber and provider (SerialConsumer).
Raise error when provider state does not match subscriber

OK To do 6: Function to move a slot on provider (waiting for PostgreSQL 11
pg_replication_slot_advance (slot_name name, upto_Isn pg_Isn) )

(4) REDO 2 - on provider's Blocker for production usage
side (provider's crash To do 7: Logical Slot on standby (the slot is not replicated to standby). There
and switching to the will be a gap in data after promotion.
provider's standby, ? To do 8: Binary provider standby must wait for a logical replica
subscriber is falling ~ “replication_target_cmd” to logical subscriber
behind)

*Event tracking OK

overhead on proxy table/ write custom decoder + pg_logical_emit_message

*Unlogged table )

*Sequence Not replicated

%@ Avito



Thank you!

=i |

4
0
A

77

%/

https://github.com/avito-tech

kevteev@avito.ru, tmihail@bk.ru

* https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery Use Cases_for_Logical Replication_in_PostgreSQL10.txt
oo *
.9 Avito



https://github.com/avito-tech
mailto:kevteev@avito.ru
https://github.com/avito-tech/dba-docs/blob/master/PGCon2018_Ottawa/Recovery_Use_Cases_for_Logical_Replication_in_PostgreSQL10.txt
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