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Why today’s talk?

BECOLSEEEE ?
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o KDY DI3LDEZIRLOHOOTZEL
o Undo 04
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@EepB BIEE{ARE HDD/SDDDZRDMHRED

HDD_1:SATA >R 71 —2X _

- . * - - % 7 4
HDD_2: SATA1 >R 7t —RX +Flash¥v w2 % [:)»?’Tigig-mfg;og;;?;;@t D5
SSD: PCle (INTEL750) DEEHBHHY

*3 ZZEH10EEEH LBICRIHE
o= v )LR/W:32GBEZFH L, 70w % 819200 /N k
S >4 L\R/W: 500GBIC8192/N 1 M1 %10 Ot X TEFNZEN1000E55AE F*2

Random/ Read/ Direct/Sync Block
Sequentlal Write (Byte)

YYVYVYVYY

Direct 819200 182.0 MB/s 168.0 MB/s 1161.0 MB/s

Seq Write No Direct, No Each 8192 0.2 MB/s 0.1 MB/s 257.0 MB/s
Sync

Seq Write No direct 100 8192 119.0 MB/s 115.0 MB/s 900.0 MB/s™3

Random Read Direct --- 8192 0.8 MB/s 1.2 MB/s 100.0 MB/s

Random Write Direct - 8192 0.3 MB/s 0.2 MB/s 218.0 MB/s

Random Write No Direct, No 10 8192 1.6 MB/s 0.6 MB/s 488.0 MB/s
Sync

Random Write go Direct, No 100 8192 1.6 MB/s 0.6 MB/s 490 MB/s
ync

RON—FET4 A7 CNIFEEBVDT, ZERICEAETI—RAR—RFRTFyy2a®TOvFIIZT5 DB,
- RBRICETAATT LB EHCPUICIFFE T @EHDYT< (write through). € DERDENEIET > 2T T —AR— RHMREET B,
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* —ARAY(C(E redo OJTEH. PostgreSQL T
(F. [F=AR=ZT7A(ICEEHIRICKHT T
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F—ANR=ZT7AIADET

XLOG (Transaction Log) ¢MESCEBHOIE ZREES
PETEIF WAL [Cf—anTV3 DEET -
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®eoB  EEIRTEEHOT...

a2 ) PS>
_
\_/
B ;' ''''''
Database thar[ed u _U_n_d(_) _L(_)g _I
Engine Database

PARP NP, < Files |

__ n n n v

o BHIITICWALOARBE(FT—AI7A(IICEZTRERINTL)
BHIMEUNERL
WAL o LIHBUTLATNIENLD ?
o JOWIICI-TEI TICERFTIOEDESTRNMOIENT S
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®eoB WAL OJ71)L¥ERK

pg_wal 74U NJECTF

B4 X(& 16MB ETE (initdb TEERIBECH. 5RVAHEREE)
EHIESAH (BEARRRTSEL postgresql.conf TIEERIEE
FIVIIRA > NFICARE(CR oIz WAL (FHIBR - BFI A

EAER R PostgreSQL M7 1L NAERL

[koichi@ksubuntu:pgi3database]$ 1s
PG_VERSION global/ pg_dynshmem/ pg_logical/ pg_replslot/ pg_stat/ pg_tblspc/ pg_xact/ postmaster.opts

base/ log/ pg_hba.conf pg_multixact/ pg_serial/ pg_stat_tmp/ pg_twophase/ postgresql.auto.conf postmaster.pid
current_logfiles pg_commit_ts/ pg_ident.conf pg_notify/ pg_snapshots/ pg_subtrans/ postgresql.conf
[koichi@ksubuntu:pg13database]s ||

DT (LI RIBETF(C WAL J71)L
HEEEINTLS,
NN==3>10L4FiI(F pg_xlog

BOTALINICERE S 2LSHBHRT2ED
AJHE

WALDAREBDESBOTHIZUEA M~
(CRCEBEIBRE
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[koichi@ksubuntu:pgl3database]$ 1s pg_wal

00000001000000000000004E
00000001000000000000004F
900000010000000000000050
000000010000000000000051
000000010000000000000052
)60000010000000000000053
000000010000000000000054
000000010000000000000055
000000010000000000000056
000000010000000000000057
000000010000000000000058
000000010000000000000059
00000001000000000000005A
000000010000000000000058
00000001000000000000005C
00000001000000000000005D
00000001000000000000005E

00000001000000000000005F
000000010000000000000060
000000010000000000000061
000000010000000000000062
000000010000000000000063
000000010000000000000064
000000010000000000000065
000000010000000000000066
000000010000000000000067
000000010000000000000068
000000010000000000000069
00000001000000000000006A
00000001000000000000006B
00000001000000000000006C
00000001000000000000006D
00000001000000000000006E
00000001000000000000006F

[koichi@ksubuntu:pgl3database]$

WAL OI7A1 VAERK

000000010000000000000070
000000010000000000000071
000000010000000000000072
000000010000000000000073
000000010000000000000074
000000010000000000000075
000000010000000000000076
000000010000000000000077
000000010000000000000078
000000010000000000000079
00000001000000000000007A
000000010000000000000078
00000001000000000000007C
00000001000000000000007D
00000001000000000000007E
00000001000000000000007F
000000010000000000000080

000000010000000000000081
000000010000000000000082
000000010000000000000083
000000010000000000000084
000000010000000000000085
000000010000000000000086
000000010000000000000087
000000010000000000000088
000000010000000000000089
00000001000000000000008A
00000001000000000000008B
00000001000000000000008C
00000001000000000000008D
archive_status/

© Copyright EnterpriseDB Corporation, 2021. All rights reserved.

A4 LZ4>1ID: YH)NY
92BIC1DIDIERD

LSN (Log Sequence

Number) ®_E4i7 40

25s)




17

®eos  LSN (Log Sequence Number)

ERIDOWAL

WALLJ-R

714

RE(CRB A
HIBRUIEDZEIZ
ZZTEHA

Checkpointi2&
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pg_waldump THRNBIENTES

[koichi@ksubuntu:pgl3database]$ pg_waldump eoee1 0 B4E

rmgr: XLOG len (recftot): 49/ 7429, tx: 522, lsn: 0/4E000678, prev O/4DFFE948, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27018 FPW

rmgr: XLOG len (rec/tot): 49/ 7429, tx: 522, lsn: 0/4E002398, prev 0/4E0P0678, desc: FPI , blkref #08: rel 1663/16384/32789 blk 27811 FPW

rmgr: XLOG len (rec/tot): 49/ 7429, tx: 522, lsn: 0/4E0040B8, prev 0/4E002398, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27012 FPW

rmgr: XLOG len (recftot): 49/ 7429, tx: 522, lsn: 0/4EE0SDCO, prev ©/4E0040B8, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27013 FPW

rmgr: XLOG len (recftot): 49/ 7429, tx: 522, lsn: O/4EOOTAEG, prev O/4E005DCO, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27014 FPW

rmgr: XLOG len (rec/tot): 49/ 7429, tx: 522, lsn: 0/4E009800, prev 0/4E@O7AEQ, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27015 FPW

rmgr: XLOG len (recftot): 49/ 7429, tx: 522, lsn: 0/4EG0B520, prev 0/4E009800, desc: FPI , blkref #0: rel 1663/16384/32789 blk 27016 FPW

wai USTRLE) s

rmgr: Btree len (recftot): 53/ 153, tx: 534, lsn: 0/4E3247EQ, prev 0/4E324548, desc: INSERT_LEAF off 3, blkref #08: rel 1663/16384/3080 blk 1 FPW

rmgr: Btree len (rec/tot): 53/ 181, tx: 534, 1lsn: 0/4E324880, prev 0/4E3247E0, desc: INSERT_LEAF off 1, blkref #8: rel 1663/16384/3081 blk 1 FPW

rmgr: Heap len (recftot): 54f 5178, tx: 534, lsn: 0/4E324928, prev 0/4E324880, desc: INSERT off 85 flags 0x00, blkref #0: rel 1663/16384/2608 blk 58 FPW
rmgr: Btree len (recftot): 53/ 5853, tx: 534, lsn: 0/4E325D68, prev 04E324928, desc: INSERT_LEAF off 176, blkref #8: rel 1663/16384/2673 blk 32 FPHW
rmgr: Btree len (rec/tot): 53/ 4397, tx: 534, lsn: 0/4E327460, prev 0/4E325D68, desc: INSERT_LEAF off 73, blkref #8: rel 1663/16384/2674 blk 37 FPW

rmgr: Heap len (recftot): 54/ 4026, tx: 534, lsn: 0/4E3285A8, prev 0/4E327460, desc: INSERT off 49 flags 0x00, blkref #0: rel 1663/16384/2609 blk 35 FPW
rmgr: Btree len (recftot): 53f 6337, tx: 534, lsn: 0/4E329568, prev 04E3285A8, desc: INSERT_LEAF off 223, blkref #8: rel 1663/16384/2675 blk 14 FPW
rmgr: Heap len (rec/tot): 54/ 8610, tx: 534, lsn: O/4E32AE48, prev 0/4E329568, desc: INSERT off 18 flags 0x01, blkref #0: rel 1663/16384/1255 blk 78 FPW
rmgr: Btree len (rec/tot): 53/ 2853, tx: 534, lsn: 0/4E32CDBO, prev ©/4E32AE48, desc: INSERT_LEAF off 138, blkref #0: rel 1663/16384/2690 blk 10 FPW
rmgr: Btree len (recftot): 53/ 4393, tx: 534, 1sn: ©/4E32D8D8, prev O/4E32CDBO, desc: INSERT_LEAF off 39, blkref #0: rel 1663/16384/2691 blk 8 FPW

rmgr: Heap len (rec/tot): ge/ 80, tx: 534, lsn: O/4E32EA20, prev O/4E32DBD8, desc: INSERT off 86 flags 0x008, blkref #0: rel 1663/16384/2608 blk 58
rmgr: Btree len (rec/tot): 53/ 6637, tx: 534, lsn: O/4E32EAT0, prev ©/4E32EA20, desc: INSERT_LEAF off 83, blkref #@: rel 1663/16384/2673 blk 29 FPW

rmgr: Btree len (rec/tot): rirf T TN 534, 1sn: ©/4E330478, prev O/4E32EAT0, desc: INSERT_LEAF off 74, blkref #0: rel 1663/16384/2674 blk 37

rmgr: Heap len (rec/tot): g/ 86, tx: 534, lsn: 0/4E3304C0, prev 0/4E330478, desc: INSERT off 87 flags 0x00, blkref #0: rel 1663/16384/2608 blk 58

vas CSOTR) ose

[koichigksubuntu:pgl3database]$

T —AR=ZNDT7A AN TOEFTIEIRNA DTS, LSN OF 1A VIBEIFREA TS
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pg_controldata THRNRBENTES

[koichi@ksubuntu:~]$ pg_controldata -D pgl3database/

pg_control version number: 1300
Catalog version number: 202007201 =/ 2 gn kA
: REDFIVINA > MIE
Database system identifier: 6918906660938445044 > =
Database cluster state: in production
pg_control last modified: 2021F03825H ]
Latest checkpoint location: 0/4E34FBS FrvIm4 > NERIDOEHT
Latest checkpoint's REDO location: 0/4E34FB50 — 1
Latest checkpoint's REDO WAL file: 00000001000000000000004E
Latest checkpoint's TimelLinelD: 1
Latest checkpoint's PrevTimeLineID: 1 . e oy s .
Latest checkpoint's full_page_writes: on BREROFIYIINA> KT —INADT
W WALI7A )4
... (snip) ...
WAL block size: 8192
Bytes per WAL segment: 16777216
o SR s

[koichi@ksubuntu:~]$

19 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.
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Pageinspect extension THRNRBENTES

[koichi@ksubuntu:~]$ psql
Null display is "[NULL]".
\timing on

Timing is on.

psql (13.2)

Type "help" for help.

koichi=# create extension pageinspect;
CREATE EXTENSION
Time: 7.827 ms

koichi=# select * from page_header(get_raw_page('pgbench_accounts', 0));

cnJOvI%E#FHUZ WAL @ LSN
ZNEDEAD LSN O WAL H*EIhois LA/
w93

-[ RECORD 1 ]--------
1sn | 0/16908E0
checksum | ©

flags | 4

lower | 268

upper | 384
special | 8192
pagesize | 8192
version | 4
prune_xid | ©

Time: 0.357 ms
koichi=#

koichi=# \q
[koichi@ksubuntu:~]$
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@eoB WALET—AI7A1 )& T\ 7w

WALET =T W TINWI 7Y TITNUSA S T4 > ) \WI TPV THTEBAUrRVN

?
F— TP N OEICEESRIAN TGS, /Ny 7y THoTOBREIE WAL (7~

R-S7EEPETS (FPW --- Full Page Write, BEEEDDH) --
pg_start_backup()

g

I\ 7Y THEEDD1E5 WAL ([CEZED TR E(SSIRED
-- pg_stop_backup()

FIVIRA > MOERETE FPW NENMMBIEN'HD
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28 © Copyright EnterpriseDB Corporation, 2021. All rights re




@eoB XN)—-=>JLJUT—2a> D% ES

RFh :
o (FEAEDEFNLINT—23>TESR (RAFI—RIOT T —2a>AOFHEIFINEWN)
o HIAMNT WAL ZENBRVAT STV
o Unlogged Table, —Bf57—JI. —EBOINBEEREDA>TVIRARE
o LIJUNTHEHAHNT YIS Z2EIHNES
o WAL ZERX T BIZIFRD TLEEAER()
o SEERRITIAIA—/\—

*aFh
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o LIJUNTOGMHAHNTITII 3> mEITIERIHC. WAL TLA)\WIDEEN )
ERGENDD
o Vacuum THWATS 1) MEEZATIRBRTERL)
o LIJUADIRREIIGUT, T74NUTH WAL 25T mHENHS

< >

Replication Slot

o LIJUNETFARICERUILHE. TTDTFARUNDIFAEZ RV EN'HD
o FTTDIFARIDA—N—>1—MRE

<

Pg_rewind 1—71U5«
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o WALICHIETBESQLX ZAER LT, cNEFE>TILAN\wIT 3
o  MNACEATHRERDY—ZAHIR
o AEKOMIHIIADEIIRIIICEMETES

o RFICSQLXZAEMBETEE. MO THL)
o Rabbitmq ((F—AZ#593EHTED
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Test_decoding
PostgreSQLSENH®D

Decoder_raw
WALZSQLXICEHET 3D
https://github.com/michaelpg/pg plugins/tree/master/decoder raw
$1z(C Reader ZE<BRDLMEET

Wal2json

WALZISONICEIET RED
https://qgithub.com/eulerto/wal2json.qit

Pglogical
https://www.2ndquadrant.com/en/resources/pglogical/
cNh BDR OEAE(CHRH-TUVD

36 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.


https://github.com/michaelpq/pg_plugins/tree/master/decoder_raw
https://github.com/eulerto/wal2json.git
https://www.2ndquadrant.com/en/resources/pglogical/

®eps PglogicalzAETESEBDR N TED
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LTW3 LTW3

logical \
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TiEHt
\_ ) \_ y,
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o DDLOIEHE

o BFED)—-RTIToET—IINOEMBEEREZMD.)— RCHGIK
o 1IJUJNIIER

o O-NIREEBELFEIZIEEZLIT—NIBRC, E5F DN ERTERIEE
o JO-/VLRI—4>R

o J—ROBITI—I>ADENEELRVESCT> M-I

o TANR-RAEENECRS, PIUT—232FEEFT TV -NTIEGEURB I,
o COBRIIANA-NEFAE
o BERRYIENTIEE

38 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



Qeos [EEIFOFRYIZ

- Failover possible in <100ms

- Much improved over 30-90s required for single master replication

BDR-Simple with CAMO (Vagrant, 4 jobs)

| | I ol : .
J : : g N} —
N2 ——
66.102 ms
T i | s
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e EDB ELTO7FHIA, EBRIIIRTEAEfm
e |H2ndQuadrant O/E#k :
o https://www.2ndquadrant.com/en/resources/pglogical/
o https://www.2ndgquadrant.com/en/resources/postgres-bdr-2ndquadrant/
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