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o BEIDMRERDT—TILZIBEITD
e ©5>—7J)L (FOR ALL TABLES)
o FERXAF—YANDEFT—T)L (FOR TABLES IN SCHEMA schema)
o FET—TJILDEMZIBIZI{TDH (FOR_TABLE tbl WHEHR..)

o BRI ZDMLEIETED
o T4 NTEFT— S DIEA/EF/HIR S R THR
o F—HDBARIIENRICT BT & GATHE

A N\
(FOR ALL TABLES ) thl
Id Val
6.923085
ALL TABLES IN SCHEMA
[T1] T3] [T5] 3 3.796526
\_ ) L8 1.4896693 )
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e CREATE PUBLICATIONX C/\J UL —< 3> %Z{E{TES
® EEMNE(Ipg publicationIFOJI(CEEREND

publisher=# CREATE PUBLICATION pub FOR ALL TABLES;

CREATE PUBLICATION

publisher=# SELECT pubname, puballtables, pubinsert, pubupdate, pubdelete, pubtruncate
FROM pg_publication;

pubname | puballtables | pubinsert | pubupdate | pubdelete | pubtruncate

pub | t | t | € | t | t
(1 row)

o J\TOUL—232CEFENDT—TI)Fpg publication rel CHEZRO]AEE
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e CREATE SUBSCRIPTIONX C/\J UL —2 3> Z/ERRTED
o EITTEDDIdsuperuserk/zldpg_create subscriptiond—JL @

® EEMNB(Ipg subscriptionIFOT(CEEEFREND

subscriber=# CREATE SUBSCRIPTION sub CONNECTION 'user=postgres host=localhost port=5431’
PUBLICATION pub;

NOTICE: created replication slot "sub" on publisher

CREATE SUBSCRIPTION

subscriber=# SELECT subdbid, subname, subconninfo, subpublications FROM pg subscription;
subdbid | subname | subconninfo | subpublications
————————— o —————_

5 | sub | user=postgres host=localhost port=5431 | {pub}

® BEEND37T—TJ)lIdpg subcription relIF0OT THEZRTIEE
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o FHEDHPAERIITETRVLDOT, I—YNBDTEINENDD
o T IUAINEEDHZAE., BDERUVERZRATIT—ICRD

subscriber=# INSERT INTO employee VALUES (1, ‘kuroda’);

Timel INSERT 0 1

subscriber

Time2 | publisher=# INSERT INTO employee VALUES (1, ‘fujitsu’);

INSERT 0 1
publisher

Time3 ERROR: duplicate key value violates unique constraint “employee id key”
DETAIL: Key (id)=(1l) already exists.
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® IR T —DHIFFR
e DELETEXA2UPDATEXIC KD, SEDRR RS TET—I2ESTHR D
o J\TJVUwvlDOFT—5F&EBHRUWSGEICZINT S
e ALTER SUBSCRIPTION SKIPIY > R
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e ALTER SUBSCRIPTION SKIPOY> I~
o IRHICOTZMER L. BaZ3ISEUIE bS5 HU2 3> DLSNZH#ER T

ERROR: duplicate key value violates unique constraint "employee pkey"
DETAIL: Key (id)=(1l) already exists.

CONTEXT: processing remote data for replication origin "pg 16394" during message type "INSERT" for
replication target relation "public.employee" in transaction 736, finished at 0/150FD60

® TMDEALTER SUBUSRIPTION SKIPTH&RMLSNZIEE L. %A NS Y02 3> ZHHRIET

subscriber=# ALTER SUBSCRIPTION mysub DISABLE ;

ALTER SUBSCRIPTION

subscriber=# ALTER SUBSCRIPTION mysub SKIP ( lsn = '0O/150FD60' );
ALTER SUBSCRIPTION

subscriber=# ALTER SUBSCRIPTION mysub ENABLE ;

ALTER SUBSCRIPTION

o NJZBEMRIDE, RENS T I IA>DRAF Y ITZERTED

LOG: logical replication starts skipping transaction at LSN 0/150FD60
CONTEXT: processing remote data for replication origin "pg 16394" during message type "BEGIN" in
transaction 736, finished at 0/150FD60
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e DDL(FER TSR
o 2F—TJNEHREL T/ TUT—2a> =ML, TORICT-JILEEEIDE -

N\

Timel publisher=# CREATE PUBLICATION pub FOR ALL TABLES;
CREATE PUBLICATION

publisher
subscriber=# CREATE SUBSCRIPTION sub CONNECTION..;
Time2 NOTICE: created replication slot “sub" on publisher
CREATE SUBSCRIPTION
\_/ subscriber
publisher=# CREATE TABLE songs (id int PRIMARY KEY, name text);
Time3 CREATE TABLE

publisher=# INSERT INTO record VALUES (1, ‘We are the world');
INSERT 0 1

Time4 ERROR: logical replication target relation "public.songs"
does not exist
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SR 11—« > FUjiTSU

o T —AIN—ANDEFANS=ZENEBCH ST DILiHA
o WALZZO— RUCEMAT BEFZ I &IhH T3
e I IA—TY NITSTA> EUTEHETIRE
o NRUMNRD KNU(CE2FEDH > TILT S04 > HEIH
e APIIEANHENTWBDOTEEBTIREE ; https://github.com/HUUTFJ/hayadecoder

=N,
@ Reorder Buffer

T WALZTI— R

Txn1 INSERT T3
~_ LZUg—23220v b
Txn1 DELETE
WAL Txn2 UPDATE WHTSHA>
Txn1 INSERT
Txn2 UPDATE Txn3 TRUNCATE
- COMMITENZHEEHN

Txnl DELETE
Txn3 TRUNCATE
Txn3 COMMIT

-~
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REFO—F0 >4 | RELTUS—S3>220vY b FujiTsu

[ t“:i_C@WAL%mL%HRD tll:l:lljj L/j_ O)b %nafi AELRZOY REBRELTLY

o Checkpoint¥Csk7I— RDOWALD 71 LHIIEEN 3 DR < BE WAL 7LD DA
DIHBENT (LT« 21

o XOw hN&EHXNTSTA>&%=IBTE L TER —RICRBHE

postgres=# SELECT * FROM pg_create_logical_ replication_slot('test', 'test decoding');

slot name | lsn
___________ +___________
test | 0/1506180
(1 row)

postgres=# SELECT slot name, plugin, database, confirmed flush 1lsn
FROM pg replication slots;

slot name | plugin | database | confirmed flush 1lsn
——————————— o
test | test decoding | postgres | 0/1506180

(1 row)
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wRIET1—5 4 > | BREDIHS FUjiTSU

o NSHUI a3 NMOZy hends, BEFATZHMHETED

postgres=# INSERT INTO tbl VALUES (generate series(1l, 2));

INSERT 0 2
postgres=# SELECT * FROM pg logical slot get changes('test', NULL, NULL);
1sn | xid | data
___________ o
0/15061B8 | 734 | BEGIN 734
0/15061B8 | 734 | table public.tbl: INSERT: id[integer]:1
0/1506298 | 734 | table public.tbl: INSERT: id[integer]:2
0/1506348 | 734 | COMMIT 734
(4 rows)

o DDLZHIH I D L(FTE/MRUL

postgres=# CREATE TABLE foo (id int);
CREATE TABLE
postgres=# SELECT * FROM pg logical slot get changes('test', NULL, NULL);

lsn | xid | data
___________ o
0/15063B0 | 735 | BEGIN 735
0/150D950 | 735 | COMMIT 735
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Data JZy N TURFENse
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Launcher FUjiTSU

o H—)\TJOCREE ERFICEETD/\VITST> RO—1
e TFHAM(Cpg subscriptionZhEiB L. BAITICXIIL T Dapply workerZz 4Rk,

postgres=# SELECT datid, pid, backend type FROM pg stat activity
WHERE backend type LIKE 'logical%';
datid | pid | backend type
_______ +_______+______________________________
| 22427 | logical replication launcher
(1 row)

NITUw v
4
% 5l >[ Backend ‘ ? WAL sender |] L} ety

Q3w MFYRTERE
SIS L L ERE

bbbbbbb

BTG50

Bo
o

s
A
1
i
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Apply worker FUjiTSU

e SIRUSA)INACDIHFET DI\ IITZDRDI—1

® pg subscription®MBITICIDFE

o /\TJUwS v (liEH L. WAL senderh 5O ITAETZZ(TE> CEAT D

o )\TJUw v FICHIEBL TV —>3>ROY bEEKL. ZTTHSHEBS 1—FT 4> J%HNWTE
FRNEZHH IS

® pg stat subscriptionEa1—"TD—HDIRREZSHROIHE

(1 row)

postgres=#

subname |
_________ +______________

SELECT subname, received lsn
FROM pg_stat_subscription;
received lsn

0/1546788

35
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Apply worker

P
FUJITSU

INTUwS v

NIV —23>

WAL

walsender

pgoutput

HIZHSAN
[T1]
[73]

BIZRoUT> 3>

Apply worker

Replication
message (for all tables)

walsender

walsender

walsender

pgoutput

Replication\_: 11 Tablesync f
message i worker ¥
______________________________ !

v

|[L7Usr—23>z20v k|

[T1LTUsr—sa 20wt |

[T2L7us—sa>20v k|

[T3LTUs—sa>20v k|

36

o MIEAT— SRR (C(F. MFRERDTET—T

JLE(CTablesync workerZzic&) 9 3

o TNE¥NTablesync workerh'L- 74—

> 3> 0OV bzEERR L. XIET WAL
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4
WEFo—F1 7
? CLEEE |] BT

%ﬂ?ﬁﬁv’;@r‘? |
h Data |::> WAL a3y FYRTERE
RS LERE

BTG50

=

© 2023 Fujitsu Limited



Tablesync worker FUjiTSU

Apply worker Tablesync worker o IO XISA)VHIICOMEETD/\WOITS
—— STATE_INIT | AR 77
o e Al -
HAD j;Jb\Eb\%j';“ " F—JIL5T—5D lj/ '\Ij jj

STATE_DATASYNC | 5 lmirse

o S—JI)LBICEM=ND
e COPYXI[CLBFHEIOE—&, X I\U—:/

|
|

L 2
[ T—%0i@iE— |
|

STATE_FINISHEDCOPY | JE—SETIREE

| 270 R VICKDEHDRE - BRAD2D
SYNCWAITIREEN S ? = [RAT O NIRGES
CATCHUP%J,%?\TC’EE . BETHD- DIT—AMNBIRD
{ STATE_CATCHUP |
N4
SYNCDONE4REE(C 2D BED—HERULSNES —
FTHD E9B3FCEEZBER 4 TV w
% SR l Backend WAL sender | ?Eﬁ?iﬁéﬁ
ﬁ,ﬁﬂg%g%g%?l%%g{é <:|| STATE_SYNCDONE | RIAATE TR W H‘ i 23y MIYATERL
PO
9 W b S b AN
DLSNARU (Lo 725 — e
mE READY#Q%(C’Z;% [ STATE_READY i ‘““@ b

e
<): Apely
DY e Er worker
oFER
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WAL sender FUjiTSU

o )\ U vlllCOAMFIETD/\WOTIT> RIJOLEX

o WA —1/REIHID — DDOENKRICIE U Ties)

o BB 1—F 1 > JDEMEAFERHWNVTWALET I—RU. HARBET—HITE

g LilTD

® pg stat replication slotsEa1—"CROwW hDFERIKAZSERDIRE

FROM pg_stat replication_slots;
slot name | total txns | total bytes

postgres=# SELECT slot name, total txns, total bytes

38
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ABUE NS >HIS3 > OEmDIBLY in PG13  rujitsu

® logical decoding work memZ#BXJZiHE. Bz —KJ7MILICEEZAD

VAW REIZ BI04
‘ Walsender ’ ‘ Apply worker ’

( Backend | —

BEGIN: SERH gical _decoding_work_mem#%Bx1=5

e l@ IFANICEERH

&y —
-- keep writing
...... o
Fab
AW

COMMIT;

. _ '>

| > A, E> T
Commit& Wiz # A I >/ TEF*ERE “
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ABUE NS >HIS3 > OEmDIBLY in PG13  rujitsu

® logical decoding work memZ#BXJZiHE. Bz —KJ7MILICEEZAD

AAVEA BIRO54)N

Walsender ’ ‘ Apply worker

..

publisher=# SHOW logical decoding work mem ;
logical decoding work mem

©04MB
(1 row)

| > A, E> T
Commit& Wiz # A I >/ TEF*ERE “

42 © 2023 Fujitsu Limited



ABUE NS >HIS 3 >OEmDIBLY in PG14  rujitsu

o EITHDOARFMENS T I 322 A M) —ATEDILDICIRDIC
o BRI TERCOL AT

VAWAVET2 o HIROZ1IX
‘ Walsender ’ ‘ Apply worker ’
ETELE WALE = AR
BEGIN; logical_decodi k 2BALS
INSERT --+; > S ECERI T (NI
-- keep writing [u STREAM START -+, STREAM STOP > —HI7 LR
...... g
COMMIT: o
Y
NS W
| > 774
FIA)L FTERY CommitE fe % 4 32 7' TRY DEBERE
7 —_— g ==}
BT DT LEERIEE T
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ABUE NS >HIS 3 >OEmDIBLY in PG14  rujitsu

o EITHDOARFMENS T I 322 A M) —ATEDILDICIRDIC

® 1] subscriber=¢ CREATE SUBSCRIPTION stream
CONNECTION 'user=postgres host=localhost port=5431"'
PUBLICATION pub WITH (streaming = 'on');

NOTICE: created replication slot "stream" on publisher

CREATE SUBSCRIPTION

subscriber=# SELECT subname, substream FROM pg subscription;

subname | substream
_________ +___________
— | stream | t
5
p (1 row)
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o EITHDARFME NS T IS 3 > ZMHBHATET DXL DCIRD

e AT THIRTOLAT N5

AWV RS2 o HIZ0Z40)X
‘ Walsender ’ [ Apply worker ’
Backend . 5
BEGIN;, logical _decodi k. EBIES
INSERT ---; @ 5 I?ﬁeﬁ‘ﬂgzwﬁa;ﬂem ~ ABERT— AR
I STREAM START --------. STREAM STOP > |:> ‘ Parallel Apply
-- keep writing ”I worker
------ BELLEHRNEE 55—
THBRA - 1 1E4E BEam®

COMMIT; — | > j ]
| >
_ ; _ STREAM COMMIT;
Commit& his% 4 3> & THY DLEREE n
(FoaLrTEm |
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o = T$@Kﬁﬁhjzﬂﬁzaz%ﬁﬂ BHTEAXDICRDE

subscriber=# CREATE SUBSCRIPTION parallel
CONNECTION 'user=postgres host=localhost port=5431"
PUBLICATION pub WITH (streaming = 'parallel');
NOTICE: created replication slot "parallel" on publisher
CREATE SUBSCRIPTION

[
=

subscriber=# SELECT subname, substream FROM pg subscription;
subname | substream

__________ o

parallel | p

(1 row)

[;—‘mw N () ] LJ
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HEEIE - X MU —ADFH EMFLERDELE  rFujitsu

o KIE NS> YOS > OEA(CENBEEZRITE - LEER
o AhU— A@%‘Cﬂ’ﬁ L/_C\ 5155 (3 20% B _EDEE({GIC A Th

160
1
= streamlng on @
140 F ﬁi: . Zl\% AO)E’)\ streaming = parallelf—A— | shared buffers = 100GB
- 513 . . .
7RAR ¢ B Checkpoint timeout = 30min
120 7 max wal size = 20GB
o min wal size = 10GB
g 100 | . ="
o * autovacuum = off
E ol ° i CREATE TABLE large test (
] ¢ . 1 id INTEGER PRIMARY KEY,
s 60 ® N A i numl BIGINT,
ol ¢ A | num2 DOUBLE PRESICION,
¢ A 4 num3 DOUBLE PRESICION
20 N A 8 )
‘ 14
* 1 1 1 1 1 1 1 1

0
1x10%  2x10°  3x10%  4x10° 5x10% 6x10° 7x10° 8x10° 9x10° 1x10

¥timing

INSERT INTO large test (id, numl, num2, num3)
SELECT i, round(random()*10), random(), random()*142
FROM generate series(l, 5000000) s(i);

number of tuples
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PG17(Cm} CRAFHRDIEE (IRFE) FUjiTSU

oL I VUS—>3>20Y MDpg_upgradeBik— b~
eDDL L TJULH—Z 3>

o PHIR F—<FEA
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