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1.7
1.7.1 —
A R S E FEE RS
— AL e3 A°
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{999999} — 16495
{9} — 1
{ARCHIVEDFILE} |* J ¢ mmK. = N H 0O mei 0000000100000000000000A8
{ARCHIVEDIR} LR BRI (G ¢ o /usr/local/pgsql/ archive
i
{BACKUPLABEL} |P e <= £k - t 4 { | pg_basebackup base backup
by
{BGWORKER} < @2+ Worker K. ¥ @ custom_worker
{DATE} < 2017-02-11_122532
{HOME} psql « ¢ fi » * D@D —v D |/homelpostgres
F Néco " - J i
{INSTALL} PostgreSQL mmfi ®J D1 N ¢ o {usr/local/pgsql
" <) i
{MODULENAME} Contrib = © 21 — auto_explain
{oID} — 0oID 12993
{PARAMETERY} R' 02 2> — log_checkpoints
{PASSWORD} 14 o0 ™R e d secret
{PGDATA} D24z &N~ ''@ad e /usr/local/pgsql /data
" eyl
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{PGDATABASE} 23423470 @ datadbl
{PGUSER} T Om@)d userl
{PID} k. ¢ ®ID 3468
{PORT} LwD | 5432
{RELFILENODE} vOKir A{hOwi 16531

8 pg_class 2. = —

relflenode r

{SERVICENAME} ad>f e postgresql-9.6.2.service
{SLOT} "k o Tfine. e slot_1
{SOURCE} R' ©2 2> S
{SQL} — SQL SELECT * FROM tablel
{TABLE} —vDKi tablel
{TABLESPACEDIR} | ¥ 2 K i 407 < Jusr/local/pgsql ts1
{TCP/IP (PORT)} ' wme fiJ — TCPIP = 5" 192.168.1.100(65327)
&< wD .
{VERSION} Py o' fi 9.6
{WALFILE} WAL h O wi 0000000100000000000000B0
{WALOFFSET} WAL o h % ¢ J 5225832
{YYYYMMDDN} hodwv e 201608131
${ } % rdqrsd ${PGDATA}
A
1.7.2 —

-] evfisd sQL -

% 3430°
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Linuxroot * D@2 —K. fi k!
$ Linux To®@m)—k. fik!
"om@md¥% A
postgres=# PostgreSQL % A psglk. fik
postgres=> PostgreSQL  ~ >®@> % A psalk. fik
backend> ®aAfirye. finz2»—Kk. fi k.
<< >> - L s=™  <d Ao
<< >> - 4L =™ <L Ao
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21 K. ¢ @
211 k. % @—

PostgreSQL —k. % ® | ¢ postmastert k. ¥ @< -~V 8 —Pr . «fi N
k. ¢ %[ t 4 3 A ¢ postmaster k. ¥ @— k. ¥ @ ID | 8
{PGDATA }/postmaster.pid h O mmi ~ 1A A% walil @24 fi ®% .

o R (Y t43A0°<" wme fi J | postmaster k. ¥ ®%' ¢ ofi A{w
DI r o= d g A0
1K. ¥ @—
¢d>4z>2enndP>d
Instance
[postmaster ]
=
[wal writer ] [stats collector ]
(postgres
Y/
[postgres
— # | k. ¥ ®1D2680 % postmaster k. ¥ @~ o4 53A9/ — —K. ¥ ®
| A== postmaster k. ¥ ®@— k. ¥ ®% Nef| | < %% 5 A° postmaster k. ¥
| ' mm fisYef— L 1= L msgQL L A K. ¥ @< o=
postgresk. ¥ @4 e3 A°
2A==—k. ¥ @— <o postgres k. ¥ @i 0 # postmaster < F# ™3
AQ
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$ ps -ef| grep postgres|grep -vgrep
postgres 2680 1 010:25? 00:00:00 /usr/local/pgsgl/bin/postgres -D
lusr/local/pgsql/data
postgres 2681 2680 0 10:257? 00:00:00 postgres: logger process
postgres 2683 2680 010:257? 00:00:00 postgres: checkpointer process
postgres 2684 2680 0 10:257? 00:00:00 postgres: writer process
postgres 2685 2680 010:257? 00:00:00 postgres: wal w riter process
postgres 2686 2680 010:25? 00:00:00 postgres: autovacuum launcher process
postgres 2687 2680 010:25?  00:00:00 postgres: stats collector process
212 k. ¥ @
PostgreSQL wafi ® = fi @ | - 4 —k. v @%|F td3A°ps cvfi
# oV k. ¥ ®@— | — 404 3Aa°*R' 023 2>
update_process_title 4 on At s#2k. ¥ @ — A <3 A ehoi
on °
17
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ke ¢ ® ke ¢ ®
postmaster {INSTALL}/bin/postgres oD {PGDATA}
logger postgres: logger process

checkpointer

postgres: checkpointer process

writer

postgres: writer process

wal writer

postgres: wal writer process

autovacuum launcher

postgres: autovacuum launcher process

autovacuum worker

postgres: autovacuum worker process {PGDATABASE}

archiver

postgres: archiver process lastwas {ARCHIVEDFILE}

stats collector

postgres: stats collector process

postgres (local)

postgres: {PGUSER} {PGDATABASE]} [local] {SQL}

postgres (remote)

postgres:

{SQL}

{PGUSER} {PGDATABASE} {TCP/IP (PORT)}

wal sender

postgres: wal sender process {PGUSER} {TCP/IP (PORT)}
streaming {WALFILE}

postgres: wal sender process {PGUSER} {TCP/IP (PORT )}
sending backup {BACKUP_LABEL} 6

wal receiver

postgres: wal receiver process streaming {WALFILE}

startup process

postgres: startup process recovering {WALFILE}

bgworker

postgres: bgworker: {BGWORKER}

parallel worker

postgres: bgworker: parallel worker for PID {PID}

- —

PostgreSQL 9.5 —
td v

4 -V #A°®

£ No|| R' ©2 = cluster_name &
¥ 14340

A<se k. ¥ @

| R! © D = D cluster_name ~ clusterl

2 R! © D 2 D cluster_name

$ ps 'Eef | grep postgres
postgres 12364

postgres 12365 12364 0 06:14 ?
postgres 12367 12364 0 06:14 ?
postgres 12368 12364 0 06:14 ?
postgres 12369 12364 0 06:14 ?
postgres 12370 12364 006:14 ?
postgres 12371 12364 0 06:14 ?

1 006:14 pts/0  00:00:00 /

usr/local/pgsql/bin/postgres -D data

00:00:00 postgres: clusterl :logger process
00:00:00 postgres: clusterl : checkpointer proces s
00:00:00 postgres: clusterl : writer process
00:00:00 postgres: clusterl : wal writer process
00:00:00 postgres: clusterl :autovacuum launcher process

00:00:00 postgres: clusterl : stats collector process

18
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velk=%] | e - postmasterk. ¥ e—k. v ® ~ | -' @a>d | td3 3
+9 R' ©3 24D cluster_name -  # % | Ascll 0x20 OX7TE —q #
Ao L —«dy | <@ finvd. ? - td = td 340

213 k. $ @< o si

—fi ®@2fi @ A{Pec.«fidnk. t @ —capgid AfI<#s

eo i

- =

L iy i s%ESHIAS L L E| M= Y—o apid vy —

=~ TM= - = TM:I AQ

€ SIGKILL o = gi

postmaster k. % % KILL o = gi & . | k. *el k= k.
¢ @Y =3 A° | — ~ postmaster.pid h O mai | td g TFe -
| — 2% 153 A%° il @24fi @ | - o3 A

3 — . ®
LOG: database system was interrupted; last known up at 2017 -02-1111:12:03 JST
LOG: database system was not properly shut down; automatic recovery in progress
LOG: redo starts at 0/155E118

FATAL: the database system is starting up
FATAL: the database system is starting up

LOG: invalid record length at 0/5A5C050: wanted 24, got 0

LOG: redo done at 0/5A5C018

LOG: last completed transaction was at log time 20 17-02-11 12:25:15.443492+09
LOG: MultiXact member wraparound protections are now enabled

LOG: autovacuum launcher started

LOG: database system is ready to accept connections

postgres k. ¥ ®¥% KILL - = g1 L 5 A=< Ak. ¥ @
©1 #0008 mafi ®2fi ®- rdl Voot THi% vtesrdg3A0 fi ®afi @

# —1 ' fimeo Tfi|A==.0iPecrdso api — SQL
| A== «' >~ 043A° postgresk. ¥ eL - I I I
pg_cancel_backend SIGINT o - gi & 8 3 vV | pg_terminate_backend

SIGTERM - ~ gi 4 4L g AO
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4KILL - & i — ®

LOG: server process (PID 3416) was terminated by signal 9: Killed

LOG: terminating any other active server processes

LOG: archiver process (PID 3404) exited with exit code 1

WARNING: terminating connection because of crash of another server process
DETAIL: The postmaster has commanded this server process to roll back the
current transaction and exit, because another server process exited abnormally
and possibly corrupted shared memory.

HINT: In a moment you should be able to reconnect to the database and repeat
your commad.

LOG: all server processes terminated; reinitializing

Pre «fidinke ¥ @%0 ~ i d =V — | — 4 #A¢9
SIG_IGN | o = ai 8 SIG_DFL | Linux k. ¥ @—e¢hoi s — &L oqp0

1 postgresk. ¥ @—- = gi _
postgresk. ¥ ®@—o = gi _ . =|$A9

6 postgresk. ¥ ®—

o api Lfis'o
SIGHUP SigHupHandler hO i — T 7
SIGINT StatementCancelHandler —J ' fimeo Tfi—

pg_cancel_backend —

SIGTERM die T P fimeo T <k. ¥ ®
pg_terminate_backend —

SIGQUIT | quickdie 5 vV | die

SIGALRM handle_sig_alarm )t = P
SIGPIPE SIG_IGN

SIGUSR1 | procsignal_sigusrl_handler |' o P! >
SIGUSR2 SIG_IGN

SIGFPE FloatExceptionHandler ERROR. =

SIGCHLD SIG_DFL

1 autovacuum launcher kK. % @—- = i —

autovacuum launcher K. ¥ @—o = gi — — 4 #A>°
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7 autovacuum launcher k. ¥ @—

o a g tfir'o
SIGHUP av_sighup_handler hO i — T 7
SIGINT StatementCancelHandler —fimeo Tfi—
SIGTERM avl_sigterm_handler
SIGQUIT quickdie . ®
SIGALRM handle_sig_alarm )t = P
SIGPIPE SIG_IGN
SIGUSR1 | procsignal_sigusrl_handler |' o P! >
SIGUSR2 avl_sigusr2_handler autovacuum worker
SIGFPE FloatExceptionHandler ERROR. =
SIGCHLD SIG_DFL
M bgworker K. % @—- = i —
bgworker k. % ®@—o = gi — — dzA¢
8 bgworker k. ¥ o—
o a i Lfis' o
SIGHUP SIG_IGN
SIGINT StatementCancelHandler — ' fimeo i —
SIG_IGN
SIGTERM | bgworker_die FATAL <! 2. =~ —
SIGQUIT bgworker_quickdie
SIGALRM handle_sig_alarm ) —t " P
SIGPIPE SIG_IGN
SIGUSR1 procsignal_sigusrl _handler Fopl o
bgworker_sigusrl_handler latch_sigusrl_handler Lo
SIGUSR2 SIG_IGN
SIGFPE FloatExceptionHandler ERROR. =
SIG_IGN
SIGCHLD SIG_DFL
T writer kK. ¥ @—-° =~ i —
writer K. % @—o = g1 — — 4 #A>°
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9writer K. ¥ @—
o a g Lfis'o
SIGHUP BgSigHupHandler hDO i — T 7
SIGINT SIG_IGN
SIGTERM RegShutdownHandler
SIGQUIT bg_quickdie
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 bgwriter_sigusrl_handler | latch_sigusrl_handler Loy
SIGUSR2 SIG_IGN
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
1 checkpointer K. % ®@—- =~ i -
checkpointer k. % @—o = gi — — 4 #A¢9
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10 checkpointer k. % ®—

o & i tfisr» >

SIGHUP ChkptSigHupHandler hO - — 1 7

SIGINT ReqCheckpointHandler HOWE o Wafi J — Ty
SIGTERM SIG_IGN

SIGQUIT chkpt_quickdie

SIGALRM SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 chkpt_sigusrl_handler latch_sigusrl_handler Loy

SIGUSR2 ReqShutdownHandler WAL —«. D <

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

checkpointer K. % @~ SIGINT o = gi & A <8 8 Ve o Wi | %
3A9 Vo1 — #|R' ®2 =2 log_checkpoints & on - o= L, -3
4 3 3 F° pg_stat_bgwriter < 2. = | 14340

i statscollector k. & @—- =~ i _

stats collector kK. ¥ ®@—° = gi — — d4za°
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11 statscollector k. ¥ @—

o a g Lfis'o
SIGHUP pgstat_sighup_handler hO i — T
SIGINT SIG_IGN
SIGTERM SIG_IGN
SIGQUIT pgstat_exit
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 SIG_IGN
SIGUSR2 SIG_IGN
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL

1 postmaster

postmaster K .

K. ¥ @—o =~ gi -
¢ @—c - gl - — 4 #A>°
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12 postmaster k. ¥ ®—

o a g Lfis'o
SIGHUP SIGHUP_handler hD el — 7
K. % @ SIGHUP o = gi

SIGINT pmdie FAST o * B J b pfi

SIGTERM pmdie SMART o * B J b Bfi

SIGQUIT pmdie IMMEDIATE - " B J b »fi

SIGALRM SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 | sigusrl_handler Ko ¥ @Y%lk—o = g

SIGUSR2 dummy_handler Lo

SIGCHLD reaper ke ¢ @ —
Peedfidynk. ¥ ©—

SIGTTIN SIG_IGN

SIGTTOU | SIG_IGN

SIGXFSZ SIG_IGN

postmaster K .

postgresgl.auto.conf® pg_*confh Dwai L — 3 1% sdg349 14|
pgctireload « v fi » — < 9 #A° — =% td34c°
5 hO el — T T

¢ @ SIGHUP - =~ gi &

A < # postgresql.conf h O i

LOG: received SIGHUP, reloading configuration files

M startup K. ¢ @—o =~ gi

startup k.

¢ @—oc = gi

— =|$A9
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13 startup K. % @—

o & i tfisr» >
SIGHUP StartupProcSigHupHandler hO i — 1 T
SIGINT SIG_IGN

SIGTERM StartupProcShutdownHandler k.o ¥ ®

SIGQUIT startupproc_quickdie

SIGALRM handle_sig_alarm )t = P

SIGPIPE SIG_IGN

SIGUSR1 StartupProcSigUsrlHandler latch_sigusrl_handler Loy
SIGUSR2 StartupProcTriggerHandler Fopl ol W ®2aADr k. 2D

J

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

M loggerk. % @—- =~ gi —
loggerk. % @—o ~ gi — — 4#A°

26
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14 loggerk. ¥ @—
o a g Lfis'o
SIGHUP sigHupHandler hO el — 7 7
- o — <407 o
SIGINT SIG_IGN
SIGTERM SIG_IGN
SIGQUIT SIG_IGN
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 | sigUsrlHandler w ~—. D¥do i
SIGUSR2 SIG_IGN
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
T walwriter kK. % ®@—o = i
wal writer k. ¥ @—o = g — — 4 #A>°
15 wal writer k. & @—
o a g Lfis' o
SIGHUP WalSigHupHandler hO - — T
SIGINT WalShutdownHandler
SIGTERM WalShutdownHandler
SIGQUIT wal_quickdie
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 walwriter_sigusrl_handler latch_sigusrl_handler Leoi
SIGUSR2 SIG_IGN
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
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M archiver k. & @—- = gi —
archiver k. % @—o = g — — q4z#a°

16 archiver K. % ®—
o a i Lfis'o
SIGHUP ArchSigHupHandler hD - — 1 7
SIGINT SIG_IGN
SIGTERM ArchSigTermHandler
SIGQUIT pgarch_exit
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 pgarch_waken = D O wmK
SIGUSR2 pgarch_waken_stop * D wmK
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
214 k. ¥ @— <

checkpointer & writer ¢ stats collector k. ¥ ®| ~ td34°/ — —k. ¥ @
- — ot fi = | — 4 #A° postmaster — k. ¥ @| - k.

¢ @# Nof postmaster k. ¥ @—
=™ <4

A k. ¥ ol

dywe.

~= %4 8 postmaster k. ¥ ®%
@:I A 9
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17 k. % @—
k.o ¥ ® — 9 ml fi ~
logger R' 0> = logging_collector=on — - ¢hoi
off
autovacuum launcher R! © D 2 D autovacuum=on — - ¢+hoi J on
autovacuum worker autovacuum launcher k . ¢ @& 3% R o D A )
autovacuum_naptime  # t 4V ehoi s 1 %
8 % A<
archiver ®afidee figVv |[" k' *2c T fi —¢ @42 N wall

®-fi @ | R' ®> > archive_mode = on 5 vV | always

- - enOi s off
Tk s T — @ DKNwmfi ®2fi @% | 8
archive_mode = always — =
postgres (local) o - fis = Do - 8 -
postgres (remote) o - fis =T 20 - 8 -
wal sender nNes dFfian™ k' »20 " fi —%¥ ®AD Numfl ®
o fi @ 0@ DKNuali ®2fi ®% <=0 < 8
as o
N pg_basebackup « ¥ fi » - { P e <= ek -~ 8
Al <
wal receiver ® "OFfianT ki ~23o T — @ DK wafi ®2
fi @# Sy @AD Numil ®@2fi ®% A< -
9y @Ad Nuull ®2fi ®% 14 <
startup process ® "OFfianT ki s T — @ DK uafi ®2
fi ®#
wal writer S 'L WP — @ DKNuwafi ®24fi ®F | =0
™o /| 2| -
bgworker > ®@a4rnk. ¥ @— - | % A
parallel worker Parallel Query - 8 SQL -

€ autovacuumworker k. % @

autovacuumworker k. ¢ ®| ¢ k. ¥ ® %[ { |e-edz0 @ 2 t
W t 4 | R' ©> = > autovacuum_max_workers ¢ h 0 i J 3
£ 393A° worker k. ¥ @] D Ki # L Mg Ao
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€ postgresk. ¥ @

< fis % A< ~ postgresk. ¥ ®% =3 A° postgresk. ¥ ®
- | R' ©2> 24> max_connections ¢ hoi s 100 - 14 3A°
SUPERUSER L vo™ - >@md% # %4 | s max_connections fi
superuser_reserved_connections ¢ h ¢ i 3, — ~od3A° L — 4L
2y el < - =% i8¢

6 Tom)—

FATAL: remaining connection slots are reserved for non - replication superuser
connections
7 R' ©2 2> max_connectons# 14 v

FATAL: sorry, too many clients already

2.1.5 Microsoft Windows —k. ¥ @

Microsoft Windows ~ # A4 PostgreSQL | Windows Service < «= td34a°
Windows Service < = t 4 =0 ©| pg_ctlexe # A° pg_ctl.exe— k.
¢ @< ~= postgres.exe¥%s 1 9 8 postmaster < = =3 A° | Windows

-2t ke ¥ - d =g A0

2 Windows —k. ¥ @

#¥ Process Explorer — Sysinternals: www sysinternals com [WIN-TLKHEOSBEPP¥Administrator]

Fil=  Optiong  Wiew Procesz  Find  Uzers  Help

IEIEIEICEETENE R Y11l 1 T 1T 1 T
Process CF'UI Private Eh,rtesl ‘Working Setl FIC l De scription l Company Mame l_A
lﬂtaskhost.exe 2TA6 K 7348 K 2166 Windows 32505 JORR  Microsoft Corporation
=] ﬁr! L PITLR 912 K starts.. Postgre SGIL Global Develop..
=] lﬂpost;resex}e 3560K 17132 K 1396 PostgreSOL Server Foztgre SCIL Global Develop...
lﬂpost;resex}e 3,268 K 5,348 K 3974 PostgreSOL Server FPoztgre SCEIL Global Develop..
lﬂpost;resex}e 3,240 K TITG K 30972 PostereS0OL Server Fostere S0L Global Develop...
lﬂpostsresex& 3240 K 7108 K 3508 PostereS0OL Server Fostere S0L Global Develop...
lﬂpostsresex& 3244 K 10136 K 4012 PostereSGL Server Fostere S0L Global Develop...
Dpostsresem& 3804 K 6976 K 1372 PostereS0L Server Fostere SGL Global Develop... J
Dpostgresem& <om 3044 K 6424 K 1272 PostereS0L Server Fostere SGL Global Develop...
lﬂlsass.exae 6,200k 13,228 K 497 Local Security Authority Pro... Microsoft Corporation -
GPU Usage: 4.04%  [Commit Charge: 60.40% [Processes: 62 |Physical Usage: 76.08% | .
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2.2.1 PehO

PostgreSQL | K. £« —«¢' po = dy PehOgs< oz '0D - -8
—Pe.«fidnk. ¥ @ # =3 A ° PostgreSQL wafi ® 21 fi ®% A
F’Eh,D|BSystemVSharedMemory shmget- ®@vF « D <oz ' dvek)
hOwai mmape ®@v+ «2i %l 14349 k. v @ # = AV
E—. e« | SystemVivho% 1d34° A<’ wmfii% o=
Lygnonstes— | R EDE

8 o: ' d—
$ ipcs ‘B

key shmid  owner perms bytes nattch status
0x00530201 2621440 postgres 600 56 5

—————— Semaphore Arrays --------

key semid  owner perms  nsems
0x00530201 19038210 postgres 600 17
0x00530202 19070979 postgres 600 17
0x00530203 19103748 postgres 600 17
0x00530204 19136517 postgres 600 17
0x00530205 19169286 postgres 600 17
0x00530206 19202055 postgres 600 17
0x00530207 19234824 postgres 600 17
0x00530208 19267593 postgres 600 17

------ MessageQueues--------

key msqgid owner perms  used -bytes messages

—fi ®2fi ®@% Ase Peho#%|fd ¥vho% [ =c3el <%Ne
43 A% -fi ®@afi @— | - w340
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2.2.2 PehoO-—

Linux ~ %31 { System V Shared Memory | 8 shmget- @v+ « 2 i & [ =
=3 A ° System V Shared Memory — -|lever # O« SO mmid
A %N qaced | - L j=  3d3n°a2% -
td =™ F| 8 lefiel 0fis Yo% % L o3AcL— | 50D
® « D » src/backend/port/sysv_shmem.c — PGSharedMemoryCreate #
o= TM=| JANRS
1 o0:z'2J—e03

«> =R' ©2 2> port*1000 + 1

Z | L =wd R' ©2 = port | 5432% Nef| v ks 0z '

—« 2 | 5,432,001 (= 0x52e2cl) < 69 5 A ° PostgreSQL 9.3 | System V Shared
Memory < <= td{o-" 0o | PGShmemHeader

include/storage/pg_shmem.h — O wmixZ2A9 $IKi 4 uufi ¢ P = @ - t 4
] PehO— |80z " Dvek)hOmi mmape ®@vr i %
t 43 4° mmap # tdJo0:"2 —Owmz| 100KB - 8 R' 02 220 %
[ Ak <V ~o0d3 A9 Windows # | ® CreateFileMapping -
evi «di ~ | o: "' o4 -3 A src/backend/port/win32_shmem.c ©

2.2.3 Huge Pages

o' 24 oV Lnux £2| o> L AV E- Huge Pages
& A < %% %3 A° Huge Pages+ — | PostgreSQL 9.4 — # N & R
' ©> 24> huge_pages~ | t 4 5 A° Huge PagesZ A —dD ON O =
x| 2MB#A 2 x 1,024 x 1,024P mmi ¢ Huge Pagesd A 8 t
14 07" 2 —0wmx] L ~2MB— -  tdsmmap- @vr «D

i -~ MAP_HUGETLB ¥ -. ¥ td 540

& R'o0dad
PostgreSQL % A ©:z ' J< ~= HugePages® A{r~|®R' 032>
huge_pages3 o3 A0
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18 R' ® > 4> huge_pagesr £ %

R' @2 2>

on Huge Pages& A

off Huge Pages4 en ™

try Huge Pages — L s 44 e |ehoiy

ehoi s —twyd A{<emmap- v+ «di -~ MAP_HUGETLB v -. &
== o-'d0d ofesegac - =V [®  0-'>ds

MAP_HUGETLB v -. & == 309 —R' 0d>=adLon- A<
~ Huge Pages =3 A° K! PJ hODF ¥% Huge Pagesdtowd J = ™qp

™  spg_ctl « v fi) | —<' 2hoe ¥ ot o= wafl @2 @ % %7

540

g < 2noe¥do

FATAL: huge pages not supported on this platform

€ Huge Pages—

Linux # Huge Pages it ~A{ -] o2ti nR' ©d 42 vmnr_hugepages
-~ 2 MB —d> e -— AL 3 0°1 —R' 02> —ehoi s | 0%
Ao — Huge Pages — | & /proc/meminfo N O i 4t o3 A9

10 Linux — Huge Pages

# sysctl ‘Ea | grep nr_hugepages
vm.nr_hugepages =0
vm.nr_hugepages_mempolicy =0
# sysctl 'Bv vm.nr_hugepages= 1000
vm.nr_hugepages = 1000

# grep “"Huge /proc/meminfo
HugePages_Total: 1 000
HugePages Free: 1 000
HugePages_Rsvd: 0
HugePages_Surp: 0
Hugepagesize: 2048 kB

#
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R! ® D 2D huge_pages=on it =V Zumfi ®@24fi @ - add 0%
%o ™ 8 — <\ 2% oz fi @afi @  #%g T Eo

11 Huge Pagesd> © «' >

$ pg_ctl -D datastart -w

server starting

FATAL: could not map anonymous shared memory: Cannot allocate memory

HINT: This error usually means that PostgreSQL's request for a shared memory
segment exceeded available memory, swap space or huge pages. To reduce the
request size (currently 148324352 bytes), reduce PostgreSQL's shared memory

usage, perhaps by reducing shared_buff ers or max_connections.

Red Hat Enterprise Linux 6.4 # | 8ZEbnNhOmdd —~ MAP_HUGETLB ¢ «. %
e=™] Vv ks s> @2 W%y i » A{ < Huge Pages —P il %
13 A°P emnt! ~ & jusrfinclude/bits /mman.h -  — %Ne| % = -=

0 1 ™9

# define MAP_HUGETLB 0x40000 /* Create huge page mapping. */
& Huge Pages < = co=' o —
PostgreSQL wmfi ® = fi ®% A 0z ' J— | R 02 20— %l
14349 R" ©2 22 shared_buffers < R' ©2 2> wal_buffers — ~ 10 50 MB
4L a3 A0 1 — —o0:"'"2 |8 R' 02 2> max_connections ®
autovacuum_max_workers 8 max_worker_processes ™9 = lg— R! ©D 24D W |,'=
14342051 NR' ©2 =D vm.nr_hugepages - | — 4L 2wmB - 4
L= ~3 A
o 0o: ' 2d-— L v E-]sR' ©d 2> log_min_messages -
DEBUG3 4 o= mafi @2 fi @ =3 A° wafi ®@2fi ® . -~ pg_ctliil
- —oe¥d 0% td93A¢0

12 oz )

DEBUG: invoking IpcMemoryCreate(size=148324352)
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224 %y ho
tvho|Pe-«fidnk. @ ' s0@ &£ . e. -V E- t
4 = ™3 A °PostgreSQL # | wafi ®2ifi ® - —R' 02 20 W%t td Vv

—%¥vho ¥ 14340

2 %vho -

Pre «fi ) =
max_connections + autovacuum_max_workers + 1 + max_worker_processes

gy ho = CEIL( Pe- «fiy [/17+1)

¢v ho ~| 17 —%¥vho% 143 A° RedHatEnterprise Linux6 —
8%y ho —odtinR ' 0> 4D —ehoi s | geo T fi 3% 1,000
—¢d4z2@%Ne]| o % 1d=™M3Ac0

¥vho —odtinR'0da4d2% o= 8 — <4 2% o= i
o-fi @k  # %y Y40

13 ¥ v h o -0 <>

$ pg_ctl -D datastart ‘Bv
waiting for server to start....
FATAL: could not create semaphores: No space left on device
DETAIL: Failed system call was semget(5440029, 17, 03600).
HINT: This error does *not* mean that you have run out of disk space. It
occurs when either the system limit for the maximum number of semaphore sets
(SEMMNI), or the system wide maximum number of semaphores (SEMMNS), would be
exceeded. You need to raise the respective kernel parameter. Al ternatively,
reduce PostgreSQL's consumption of semaphores by reducing its max_connections
parameter.

The PostgreSQL documentation contains more information about configuring

your system for PostgreSQL.

.... Stopped waiting
pg_ctl: could not start server

Examine the log output.
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¢ v ho —«2 | 8 ©o: ' 2 —¢2< 9. ©p % 1434
src/backend/port/sysv_sema.c ° Microsoft Windows E3 | 8 Windows APl —
CreateSemaphore 4 [ = % v h ¢ dL e = ™ 3 A

src/backend/port/win32_sema.c °

225 H VP ¢ Wamfi !/

o:'d< @ " Dol s L A Luveewmfiss J340
HVE e Waafi J &£ A4V Er Peho # tdvadotes” dor
% L ™3 A H VE « Wi J | ™0 = Yo— of mmb fi =~ 2 e3 A0

6 H VP e Wl | —
HOVE w Wl J | - e3 A0
f CHECKPOINT —
% CHECKPOINT 4t . o

1 R' o> =D checkpoint_timeout # oV
¢hoi s #] 300 5 # td34°
1 WAL- % 34 veda %R' 0d 24D max wal_size =V
WAL D a%R' @2 a2% 14V #hoiJ 1GB w1 % =34V

PostgreSQL 9.5 # 4 VR @3 40 o

1 ofi' emfinPeen ek

pg_start_backup

pg_basebackup « ¥ fi »
1 wufi ®2fi ®

pg_ctl stop i mimmediate « ¥ fi » — = 2
1T ¢D>4ad4zD> e

CREATE DATABASE / DROP DATABASE

8 HVE < Waafi J - 21 —

HWE o Wafl J — | % =N gA° 4 waL % g -~ |
9 A4 Regular Checkpoint < wafi ®= fi ® 4 CHECKPOINT —
Immediate Checkpoint # A ¢ Regular Checkpoint — | s> nPenod
- % 3—%]|o00® - L A %  1d=m™3a°R' 012>
checkpoint_completion_target — - |k s —H VP eWmfi J R' ©J D
checkpoint_timeout  # 3 # - L A - 4 =3 A9 ¢hO
iy | 050—#¢ — B VE - Wi 3#— 50%— £ H VE e Wi

L 13fiscodqac
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3HVYVP e Wmsfi | —

H WP o Weafl J H VP o Weafi J

H VP o Waafi J

checkpoint_completion_target

r \
\ I

checkpoint_timeout

1% oK. be ~ A 1 Ke Bw — S8 B VP o Wl J
R' ©> =22 checkpoint_timeout 4t o= 4L 3 0% % g r
¥ Ne| | 100 F A - = AL =3 A0 1 — |
IsCheckpointOnSchedule src/backend/postmaster/checkpointer.c  # == Mg
A 9
& WVYPewmfis - A{R' 022>
HWE e wWaafi ) - A R' 02 20 | — q4£A°
19 veEewmtfi) -  AJR' ©3 20D
R' 02 2> ehoi
checkpoint_timeout H VE o Wafi | 5min
bgwriter_delay writer K. ¥ ® % T 200ms
bgwriter_Iru_maxpages writer K. ¥ ® % 70dD © 100
bgwriter_Iru_multiplier writer k. ¥ ® % 3 d> o — |20
checkpoint_completion_target — 4 VP o Wamfi | 3#~ |05
Ve « Wasfi J &£ 1 5 o
log_checkpoints HWE « Wi A, - o off
full_page_writes WP o Wil J — - | |on
dr>oe LWAL- % g
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226 ' fisnPehDO

vOKi —eDdrfic’ ined' fidsCOPYTO -~ |H % i <°

PehO —=-vaKoddoeko:'d %l 14 Y%Ned 53 A9 | —
VEe oy @A{voKi —Qwmzs% Peho— 4L s{edKir- A-0>
rfic ined' i 4 - | Peho — &£ 13! fi-nP
ehod  <3A°  td ' fi“NPEhO—Ommu| 52 @2y % t 4 =

MV %% 34

20 fienNPEhO—0mmx

O w3t
T 256 KB | Seq Scan
CREATE MATERIALIZED VIEW

% 7 16 MB CREATE TABLE AS

COPY FROM
VACUUM 256 KB | VACUUM
- A fienNPERD—O -y —Dmmis  Peho-— 18l
~= 1™ 3% =d 3 A srclbackend/storage/buffer/freelistc °© ' fi ~n P ¢ h
O— | README  src/backend/storage/buffe/README  h O i pd =™
34°

38
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wfi ®2 fi ®— — ,-:TME=|SI=ETM=|A9

2.3.1 —-_

-—fi ®2fi ®— - | pg_ctl « ¥ fi » 4 3 A9 pgctl «yfire|s —
L A{JwR' 014> L =o™WR' 02 a0L A < %ZE %
Aoy p* ot~ L %N 3 A% wafli ®2fi @— | WR' 02 =
D%e Ol | 258 amfi @2 fi ©@— | wWR' 0242 %ehoi s zA

https://www.postgresgl.org/docs/9.6/static/app -pg-ctl.html °

21pg ctl e« v fi b - | =ufi @=1i ® -

start -W
restart -W
stop -W
L e — ot »y | tR' 02 ad2 ~3A°ehoi | 60
£A0° oS- @¥d A @l Ve o8 ks I gE § g A0

€ wmfi ®@2fi ® —

pg_ctistat « v fi ) | =afi ®=fi @ | -wR' 0220 o™ o
dL -3 Y $9 postmaster K. ¥ ®@— —v E~ system Windows
— 4 —q#HVEeo=™3A93 Y Windows # | Windows API
CreateRestrictedProcess 4 c=E™3 A% 4 —wwvee| md =™y Y40
1—VvE 2% <=lspgctlevfis— 4 | 0rodgAc
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14 wafi @2 fi ®

$ pg_ctl -D data start
server starting

LOG: redirecting log output to logging collector process
HINT: Future log output will appear in
9 <!

pg_ctl: another server might be running; trying to start server anyway

directory "pg_log".

$ pg_ctl -Ddatastart w ®4) - o=

server starting
FATAL.: lock file "postmaster.pid” already exists

4! DI-O-”

Is another postmaster (PID 3950) running in data directory
"/ usr/local/pgsql/ data"?

$ echo $? b opgctl «vfi)—o@vd @] 0

0
& " k' 2o tfi 2t

—fi ®-fi ® ~-msmart R' ©2 2403 Af<s ol e fis— ALy
-t Bl g2E L3A® Voo k' 23 Tfi 2@ DKNwfi @2 @ |

c1d o™ ke & DK— % Fq ==

| .

| # %3 A°

15" k! 2o 'fi — Amsmat R' ©> 2>

L ofli @2 fi ®

postgres=# SELECTEtate FRONbdg_stat_replication ;
state
streaming
(1 row)
postgres=# \q
$ pg_ctlstop -D data -m smart
waiting for server to shut down...... done

server stopped

3 PostgreSQL9.5% -m R' ©2 2D —¢ RO i J % smart % |- fast -

© 2013-2017 Hewlett -Packard Enterprise .

BRI

40



—

Hewlett Packard
Enterprise

VEIN®fi Pam rof =™n™@ DKineafi ®2fi ® hot_standby=off 4

W 2 Af<® demt= > ehOi s 2| 60 2 viirK
-3 Y+9 14 | pg_ctl « ¥ fi » % Pgping L [ = ufi ®2fi @— 4 -
=™ v EzAav

16VEIN@Afi PumZ | 0 ™M@ D KNumli ®2fi @—

$ grep hot_standby data.stdby/postgresqgl.conf
hot_standby = off

$ pg_ctl -D data.stdby start -w

waiting for  server to start....

LOG: redirecting log output to logging collector process
HINT: Future log output will appear in directory "pg_log".
........................................................... stopped waiting
server is still starting up

$ echo $?

0

41
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232 R' @2 2>

-—fi ®2fi ® - | {PGDATA }/postgresgl.conf h Dwai % 148 R' ©2 22
% t 43 A°/ — 8 {PGDATA}/postgresgl.auto.conf h O mai ¥ t 4 = 4L
Y63 A®
R' 02 2> — L A - | pg_settings ¢ 2. =4 A %2 psgl* D v
"wo Y% showall « v fi » 4 ~3 A° pg_settings © ». ~— source | & R' o
D o) — — % t 4 3 40 | ¢ 52 @ « 2
src/backend/utils/misc/guc.c  —s GucSource_Names,  # td=™| #£A°
~ | & enum GucSource # t4vwve-. PGC_S_{SOURCE} 4 o= o ¥
®: 4 =™3A°%enum | 52 ®«D>» src/include/utiisiguch  # td=™gA0
22 pg_settings © a. & — source
default ¢hoi
environment variable postmaster — Y |
configuration file postgresgl.conf h O mmi #
command line postmaster R Y02 Ao
global ~. D PI
database ¢D2AzD0 & —
user “>®@>d —
database user D@D <+¢Dd4ZD & —
client e I Y
override ~ehoi s LAY > e
interactive <D —v k-
test D@D sV |[ed4z0 @ —v @
session SET ~ |
E R' 02 40 NhDwm —
PostgreSQL9.4 % |- | ALTERSYSTEM ~ |4 3R’ 02 a0 NhD e — %
- #%q |fe~o0d3 <v° ALTER SYSTEM | superuser L = >m
d—q %y AC
1ALTER SYSTEM
ALTER SYSTEM $ET ©> 4> = | DEFAULT
ALTER SYSTEM RESET parameter_name
42
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ALTER SYSTEM # = R’ ©D 2D — | s {PGDATA}/postgresgl.auto.conf o
NOwai - % 34 340°9 1 N0 =i | # o ™|ler =00 ™9

17ALTERSYSTEM r |{ R’ 02 2>

postgres=# SHOW work _mem ;

work_mem

(1 row)

postgres=# ALTER SYSTEM SET work mem = '8MB' ;
ALTER SYSTEM

postgres=# SHOW work _mem ;

work_mem

(1 row)

postgres=# \q

$ cat data/ postgresqgl.auto.conf

# Do not edit this file manually!

# It will be overwritten by ALTER SYSTEM command.
work mem = '8MB'

$

— 2Ly |fer s ALTER SYSTEM | wafi ®2fi @ R' 023 2D |
> 18 postgresgl.auto.conf h Dwmi — % 453 A° | —N 0 wel | mfi ®2fi ®
3 v | pg_reload_conf ~ postgresgl.conf h Dwmi % 1 54 V t
Jo % 1440
ALTER SYSTEM —R' ©2 2> < = DEFAULT & A ¥%® ALTER
SYSTEMRESET 4 A4 < ¢ postgresgl.auto.conf h D mai % [FR' ©2 23 %
rqac

43
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18ALTERSYSTEM r |[{R' 00 an' ¢ e

postgres=# ALTER SYSTEM SET work meBDEFAULT
ALTER SYSTEM
postgres=# \q

$ cat data/ postgresqgl.auto.conf

# Do not edit this file manually!

# It will be overwritten by ALTER SYSTEM command.
$

8 R' 0D 42NN TDwmi < SET —

— 4 =R'" 02 AdLR' 0D AINN D mmi ~ A | e Lofiy |
z 48 Lofiaincodvdefi 6% pgA° 8 SET #8¢po '
fi—R' 02 =20L A |sofiamineodede "fi | gy ke
SET —R'@d=2d&cfiain.odvde Tfiz 55— < o= 1 5
AQ

1I9NhDwmi < SET — — ™

$ grep temp_tablespaces ${PGDATA}/postgresql.conf
temp_tablespaces ="' pg_default ,ts 1'

$ psql

postgres=# SET temp_tablespaces="ts2, ts3';
ERROR:tablespace "ts2, ts3" does not exist
postgres=# SET temp_tablespaces=ts2, ts3 ;

SET

postgres=#

& R' 02 2> < <D

postgresgl.conf h O mmi ~ | —R' 02 > ~ Contrib = © 21 % A

] —R' 0> a0 £ %3 A° 0 — R' 02 a> - |

s {MODULENAME}.{ PARAMETER }s Z A % wmfi ®=fi ® 8, — % 4 v

R' ©2 =22 | —HVve-% 43 SF°Contib - @ 2 —R' 03 4d%
[ = td =™z Lofi @i @ - t1d30°3v sSHow L |

\/R!(DD ) —373 4 £ %3 A°

1 —V k Contrib = © 21 —R'o0d2adL A | 8 - AL

A=%%A°
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20 [VvR' 024> -—

$ grep autoexplain postgresql.conf

autoexplain.loganalyze = true H =0 | auto_explain.log_analyze = true

$ pg_ctl 'BD data start 'Bv

waiting for server to start....

LOG: redirecting log output to logging collector process
HINT: Future log output will appear in directory "pg_log".
done

server started

$ psql

postgres=# SHOW autoexplain.loganalyze ; v SHOW#
autoexplain.loganalyze

true
(1 row)

ALTER SYSTEM # | Contrb - @ 2>i —R' 02 242 LR' 02 2>
<% Fd{vEks [v —R'o0dad| £ %3 YF°

8 R'0J 42N Dmm —

R 02 400 h O eei postgresgl.conf, postgresgl.auto.conf —
pg_file_settings © . =%  #%yA° L —oaA. a- A %
l_hll:‘-i 3/8 ¢J||8h,l:|-i'_ IJ||\/ & i%ﬂAg
21 K O wmi doa, o

—H Ve

=l

| -

—_ —

postgres=# ALTER SYSTEM SET port=5434 ;

ALTER SYSTEM

postgres=# SELECT sourcefile, name, setting FROM pg_file_settings
WHERE name = 'port' ;

sourcefile | name | setting

lusr/local/pglsg/data/postgresqgl.auto.conf | port | 5434
(1 row)
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2.3.3 D oK !
PostgreSQL ~ | el T A2 LA A< %ER
34°

¢ K TA D2 A{VE-R' 032>

DK T e D0 A{VE- —R'o02aAd% 1d=m3Ac
™A —R' 00 a0~ Lls! mK' T —T @) ofiv {4 & =3 A°
23 ' mK' T —. 2L eR' 0D ad

R' ©d 2>

shared_preload_libraries mfi @21 @ . I

session_preload_libraries postgresk. % @ ~. D)8 | superuser —
local_preload_libraries postgresk. % @ . D)8 D@D

postgresk. ¢ @ | & 5 [ session_preload_libraries B
« D)% 48/ — local_preload_libraries ~ t AV KT % 201 g
A 9

& shared_preload_libraries R! ©D 2D

R' ©> =22 shared_preload_libraries ~ | & Contrib = @ 21 # A '
K'T L o3 A0 mfi @i @ - KT = % S ™
S wafi ®2fi @ | </ 204540

- £ | Contrib = © D 1 pg_stat statements Yommfi ®) D1 <= ™ ™ Z
R'o0daocd o= wafi @9 fi @l Y —<'d2noe¥doeFEA®

22 shared_preload_libraries R' 02 2> — <! >

$ pg_ctl -Ddatastart -w

waiting for server to start....

FATAL: could not access file "pg_stat_statements": No such file or directory
.... Stopped waiting

pg_ctl: could not start server

Examine the log output.

shared_preload_libraries R! ©D 2D r oV -kl | 8 R! ©D 2D
dynamic_library_path ~ 14 VR % 1dl3a0
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234 w=fi ®2ifi ® —

pg_ctl stop i msmart « ¥ fi ) | o@D — L L5 A% dmmt = > ¢

hois 60 & Aq<pgctlaevifism # o3 A0

|t = B = 2 Lle fi @i @ " £ J b pfi — @YD o @—53ZA°

L=V ks o e fi | 2%0™ - d3Aa° —veo"finAa==
A < - -fl ®°fi ®] S A0 | b B — | & pg_ctl « ¥ fi > n

R' 0> = fi imeout= 3V | At # ~3 A

23 mfi @2 fi ® Yt = )

$ pg_ctl 'BD data stop ‘En smart

waiting for server to shut

pg_ctl: server does not shut down
HINT: The " -m fast" option immediately disconnects sessions rather than
waiting for  session- initiated disconnection.
$
$ psgl -Uuserl
psql: FATAL: the database system is shutting down
h —%eeTfi| 1 1 ldom™
$
$ pg_ctlstop -m immediate
waiting for server to shut down.... done

server stopped

$
235 wufi @2 fi ® - 7 _"! _K! i
=fi ®=fie - g 44 ‘ek'TL - o540 fieufie

— d strace v fidzJ" ) ®@== eq oV o
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24 wfi @2 fi ® R EEE B
DK ! 6o o
libpg.s0.5 {INSTALL}lib
libc.so0.6 /lib64
libpthread.so0.6 /lib64
libtinfo.s0.5 /lib64
libdl.so.2 /lib64
librt.so.1 /lib64
libm.so.6 /lib64
libnss_files.s0.2 lib64
libselinux.so.1 lib64
libacl.so.1 /lib64
libattr.so.1 llib64
236 0 h O i
—fi ®cfi ® - P h D £ 23 A9 wfli @i @— | -
F4Vv £ e=m™3AcgvVR'oedaAd |ehoiy & o=mA
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N O - Re
postgresgl.conf {PGDATA}
postgresgl.auto.conf {PGDATA}
PG_VERSION {PGDATA}
postmaster.pid {PGDATA}

Japan {INSTALL }/share/postgresqgl/timezone
posixrules {INSTALL }/share/postgresqgl/timezone
Default {INSTALL }/share/postgresql/timezonesets
pg_control {PGDATA}/global

.5.PGSQL.5432.lock /tmp

.5.PGSQL.5432 /tmp

0000 {PGDATA}/pg_notify

postmaster.opts {PGDATA}

pg_log (directory) {PGDATA}

postgresql-{DATE }.log {PGDATA} pg_log

pgsqgl_tmp {PGDATA }/base

state {PGDATA}/pg_replslot/{ SLOT} 9.4
pg_hba.conf {PGDATA}

pg_ident.conf {PGDATA}

pg_internal.init {PGDATA}/ global

recovery.conf {PGDATA}

backup_label {PGDATA}

000000010 ¢é00|{PGDATA}pg xlog

0000 {PGDATA}/ pg_multixact/offsets

0000 {PGDATA}/pg_clog

pg_filenode.map

{PGDATAY global

global.tmp {PGDATA}/ pg_stat_tmp
db_{OID }.stat {PGDATA}/pg_stat
global.stat {PGDATA}/pg_stat_tmp
{PGDATA}/pg_stat
db_0.tmp {PGDATA}/pg_stat_tmp

archive_status

{PGDATA}/pg_xlog
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2.3.7 Windows Service —

Microsoft Windows — PostgreSQL wafi ® 2 fi ® | Windows 0> f @< ==
[V i

A+ <%%%qA°NETSTOP«vfisqV|s0df @ ved o Do
®-fi ® | fastz > » SIGINT - =~ i # =4 3A4°
sD @| s src/bin/pg_ctl/lpg_ctl.cs  — pgwin32_ServiceMain —

24NETSTOP « v fi b r ||| wafi ®=fi ®

FAS®

static void WINAPI
pgwin32_ServiceMain(DWORD argc, LPTSTR *argv)

{

<< >>
pgwin32_SetServiceStatus(SERVICE_STOP_PENDING);
switch (ret)

{
case WAIT_OBJECT_O: /* shutdown event */

{
/*
* status.dwCheckPoint can b e incremented by
* test_postmaster_connection(), so it might not start from O.
*/
int maxShutdownCheckPoint = status.dwCheckPoint + 12;
kill(postmasterPID, SIGINT);

<< >>
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3. D © —

3.1 /]ﬂ-i ° @Y F —
2| NOwai © @9+~ A AL o= ™3 A0

311407 o1

1L #| PostgreSQL# 2> 24z > &N-' 4D —4c" <! & = ™3 A9

€ ¢Dazd@N~-' @D

¢d>2z>@en-' @22 | 8PostgreSQL ¢ D 2z D> ©— Y%l == t 4
3A°0Q Dvefiane @vr—¢=" <y & o= nitdb «v i) |
td3A°e0az0 @n<-' @A) | wfi @i ® 8 - A pg_ctl «v
firgl M 148 =afi @4fi @— ~od34¢°

25¢d3zd@Ne' @40 —hOwm
$Is -1$ {PGDATA
total 96
- PW=------ 1 postgres postgres 4 Feb 11 12:45 PG_VERSION
drwx------ 6 postgres postgres 4096 Feb 11 13:00 base
drwx------ 2 postgres postgres 4096 Feb 11 15:52 global
drwx------ 2 postgres postgres 4096 Feb 11 12:45 pg_clog
- PW------- 1 postgres postgres 4222 Feb 11 12:45 pg_hba.conf
- PW------- 1 postgres p ostgres 1636 Feb 11 12:45 pg_ident.conf
drwxr-xr-x 2 postgres postgres 4096  Feb 11 15:52 pg_log
<< >>
drwx------ 2 postgres postgres 4096 Feb 11 15:54 pg_tblspc
drwx------ 2 postgres postgres 4096 Feb 11 12:45 pg_twophase
drwx------ 3 postgres postgres 4096 Feb 11 12:45 pg_xlog
-rw-r-- r-- 1 postgres postgres 101 Feb 11 12:45 postgresql. auto. conf
-rw-r-- r-- 1 postgres postgres 19598 Feb 11 12:45 postgresqgl.conf
- [W------- 1 postgres postgres 45 Feb 11 15:52 postmaster.opts
- PW------- 1 postgres postgres 73 Feb 11 15:52 postmaster.pid
$
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¢dazd@N-' @4d< = rdvesm <0t ] —¢s" <<
hOwai % t45A°basesc” <1 | ¢22a% 14 —e=" -

J 'V #A9basesc” <« ' | eDaz0 e~ AfoKnes" st % 14

3A4°

312 ¢Dd4zZzD @N¢=" o) —

¢d4z> 0 Afeom < -] 822z or td{oKeve
)%  —hOwm < <= tqg40 —hDwa % - tqg40
264d>4Zd @Nec" o ! -t RO
h O el
{999999} ¢ a0fi) NHD
{999999}.{9} ¥ a0fi) NhOm 1GB —
{999999} fsm Free Space Map h O wmi
{999999} vm Visibility Map 1 O memi
{999999} init 4 UNLOGGED TABLE — hoded ARDmmi
pg_filenode.map —o ®@YFNo 2. =~— OID < HOmai —v BHfi ~d
e o
pg_internal.init ° @Y} —¢" Po’ hDwal ° wmfi ®2fi ® -
e |
{PGDATA}/global & =" <, ' 2|4 ed> 22> % 14
4o oyl - 14 e
PG_VERSION P> o fi % 1d]ve @ hOwi 2¢d2z0 @
- ve<tdqe

€ vOKi — <o, -

PostgreSQL —v > Ki | 8 - —oKove.) — £AN° -
— wk o if=maan
4 _init h O wai | UNLOGGED TABLE & UNLOGGED TABLE — TOAST ¥ K i 8
UNLOGGED TABLE — TOAST wamfi ¢ £« ®% UNLOGGED TABLE ~ <= £V -
fiee. o o= tqgac
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27voKi L A

vOKi ¢d 4% 14
-—fi ¢ £ - ® —V k-voKi - 14l
TOAST v D K i e ad A
TOAST wafi ¢ £ = ® TOASTvDO Ki — 4 A eafiee-eo
La== Aq o . =3%pg_class#z A9 pg_classc 2. =~ | 23 Ki

relname 8 TOAST ¥ D Ki 4 TOAST wmfi ¢ ¢ « ®— OID reltoastrelid ¥ 0

4 = ™3 A9 pg_tables © 2. = | pg_classc o, =~ %FedKi —qd Ay >

FOf =E™3A9YOKI Sumll ¢ 2 @— td ec . ~¥%pg indexEA° |
—o o, =~ | pg_classo 2. =~ td =™ vd>Ki — OID indexrelid <& wm
fie e ® OID indrelid — % 19=™3A¢°

49)3Ki <04, e

pg_tables pg_index
vOKi i ¢ P« ®
pg_class
vDOKi
mfi ¢ P - @
TOAST v D K i
TOAST mmfi ¢ P =« ®

8 YOKi SHO wai —
$OKi d aafli¢ 6 ®< 00 D¥ofianNeo @¥F —hDwai | pg_classo 2. =

— relflenode — < == ™3 A9
OKOVe ) SHDmmi — | oid2name* D wo ! wsd =L zsa A
tq{voKi | pg_class ¢ =. = — reltablespace % 3 A | —
Y% 0— 8 pg_default v D K i 2Nef L <& —3A>0
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26 h O wmi —
$ oid2name’Hl data dbl
From database "datadbl":

Filenode Table Name

16437 data 1

postgres => SELECTelname, relfilenode, reltablespace FRONbg_class
WHEREIname IN (' data2,' data3) ;
relname | relfilenode | reltablespace
+ S -—-
data2 | 34115 | 0 < 9D Ki pg_default
data3 | 34119 | 32778 < ¥OKi tbl2

€ f20fi)NhOw

Y a0fi NN Dmml | 89D Ki 4 ufli ¢ 2c @ ¢22% 1 VADwi 2A9
hOwsi NOwmi% 1 GB (RELSEG_SIZE x BLCKSZ) & 4 < td3A0
Ol - =80l — -s {9} {9 1% 35 o —hO e
% 19340

27 ¥ 2 0fi ) NH 0w

postgres => SELECDid, relname, relflenode FRONbdg_class
WHEREIname='largel' ;
oid | relname | relfilenode
+ +

16468 | largel | 16495
1 row)
$Is -116495*
- TW------- . 1 postgres postgres 1073741824 Feb 11 14:06 16495
- TW------- . 1 postgres postgres 96550912 Feb 11 14:06 16495.1
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€ wmfi ¢ P e ®NH 0 e

vOKi < -uafi ¢ 2 0l VN D € == td 5309 eafi ¢ 2@
—hOwmi L pgclasso a. = — relflenode - 1= ™3 A99 D Ki < wali ¢
pe @t Jd=1 oo ~3%pg_indexz A

5pg classc 9. e < umfli ¢ ¢ @

pg_class pg_index
oid relname relfilenode indrelid indexrelid
16528 tablel 16531 16528 24659

24659 idx1_tablel 16532

—

3.1.3 TOAST
PostgreSQL | 8 KB —d> oer” 24 3 A97 «2 ) %A od

3V %J = td s Ndg35Fe1 -V E 0" «2) | axer k.
< %# %y YF° |4 0" ey & A{ Vv k- TOAST (The Oversized-
Attribute Storage Technique )< 4| % td=™3 A9 TOAST ¢ D |

— ¢ D 2% TOAST_TUPLE_THRESHOLD ¢ fi Rumi r 2 Eld VO
w4 - t 43493V TOAST_TUPLE_TARGET - td]3#
TOAST ¥ D Ki ~ ¢ 2 o4 “3 A°

& TOAST O Ki

TOAST ¢ D = | pg_classo 2. = — relflenode # td{hD-i <| ¥2K
i WO -~ t 43 A° pg_classo 2. = — reltoastrelid ~ | 8 TOAST v >
Ki — oid % t 43 A9 pg_class © 2. =% TOAST 2 Ki —N O wali
refilenode & A{ 1 <#Z8 hDmm & A{ ! <%# %3 A° TOASTYD K
4L AV E- TOAST 2 Ki - | TOAST wafi ¢ 6« @l 14540
TOAST v > Ki | pg_tables o 2. =~ | S EE L
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28 pg_class¢ 2. & — relname

relname

vOKiI CREATE TABLE # =V ¥IKi

toast_{OID } vO>Ki~ A TOAST¥OKi OID| ®>Ki — oid
toast_{OID} index | TOAST ¢ 2 Ki ~ A TOAST wafi ¢ ¢ « ®

| > Ki < TOAST D Ki —

L

“= ™3 A0 wO K

toastl 4L
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A{ <@ TOAST v> Ki toast_16525 % - 148 hOw 16532~ t 4
3 A9TOAST wafi ¢ £ - ®| pg_index o 2. = %[k indrelid % 16528 —" « 2 » &
@:I A 9
6 pg_classo 2. o< TOAST v D K'i
pg_class
oid relname relfilenode reltoastrelid
16525 | toastl 16531 16528
16528 | toast_16525 16532 0
& TOAST ¢ D = —
TOAST ¢ D =~ | hoowetd A1 <%z%gA° hodw e
- t 43 0% 2 AL <s%mEHRTAS
29 TOAST ¢ D o ho>v el
ho>w B
PLAIN TOAST & o YF°
EXTENDED < TOASTwvD Ki & o3 A° o—TOASTL 2%
Jed2 —enoi s #A°
EXTERNAL | ™3 Y$3%s TOASTyvO Ki & o3 A0
MAIN | ™3 A %8 TOAST vD Ki | < o= o3 Y F9
psgl « v fi 5 Y |k8s ¥d+ vO Ki o4& A <8 TOAST — hodw
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pJd #%3A° — #|ctoastlyd Ki —cl varchar < c2  text
% TOAST #Nef| | <%yY%]gA°

28 TOAST -—
postgres=> \ d+ toastl
Table "public.toast1"
Column | Type | Modifiers | Storage | Stats target | Description
+ + + — + +
cl | numeric | | main | |
c2 | character varying(10) | extended | |
c3 | text | | extended | |
Has OIDs: no
¢hoi g — hoow ey 4 A{ Vv E~| ALTER TABLE  # SET
STORAGE £ | = o3 A

29 TOAST ho¢dv el —

postgres=> ALTER TABLE toastl ALTER c2 SET STORAGE PLAIN ;
ALTER TABLE
postgres=> \ d+ toastl

Table "public.toast1”

Column | Type | Modifiers | Storage | S tats target | Description
+ + + -— + +
cl | numeric | | main | |
c2 | character varying(10) | | plain_ |
c3 |text | | extended | |
Has OIDs: no

3.14TRUNCATE < h[Omsi —
TRUNCATE % 14V ' fim-o "fizhabestd{sesvdKis A

Jh O |88 Ve c Wanfi /& V[[rOwmr 0 4 =fkd 3095V
TRUNCATE — % Aq<s INSERT t 4V E—hDwai % - t
i & pg_class© 2. = — relflenode | ™R D mmi - t 43 A° TRUNCATE
% 1449 ¢# AV RO mm | HVE o Wanfi J — 2 b fi = 2 td g4

57
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30 TRUNCATE < h O wmi —

postgres=> SELECT relfilenode FROM pg_class WHERE relname="tr1' ;
relfilenode

$1Is -12578* W hOwm —

- PW=------ 1 postgres postgres 884736 Feb 11 11:23 25782

- PW=------ 1 postgres postgres 24576 Feb 11 11:23 25782 fsm

postgres=> TRUNCATE TABLE trl b TRUNCATE-

TRUNCATE TABLE

postgres => SELECTelfilenode FRONdg_class WHEREIname='trl' ;
relfilenode

25783 W hDwmi % <20 V

(2 row)

$ls -12578*

- PW=------ 1 postgres postgres 0 Feb 11 11:25 25782 H h O e
- PW=------ 1 postgres postgres 0 Feb 11 11:25 25783 H h O e
$

postgres=# CHECKPOINT ; b VP o Waafi | —

CHECKPOINT

postgres=#\q

$ls -12578*

- PW------- 1 postgres postgres 0 Feb 11 11:25 25783 H NOwal —q
$
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3.1.5 FILLFACTOR

INSERT &L A{<eddo r" «23% 14340 —dd or" «
2% £%ooods — %Ad el —3A°dd o0 -7 22 d oz %
& A %FILLFACTOR # A9 FILLFACTOR —¢ R0 i J | 100 (%)% A ° |
—v ks g|dd>o -~ 00" «20 %  td{isrodgla it @
- o= b AL <%E KA
FILLFACTOR 4 100% ~ A | UPDATE ~ |H - % L 2
%{ v Esdd e —=-¢te@zRhODvfien A #zA° £8wdKi %
AJdoe % A{is-o{V EsvdKi Ak 5 ~| 10 %
A1 s-0ad3A4c¢° % - Al YoOKT 3V | mfi . @]
FILLFACTOR — e nhoi s %l {1 < =3 A°

€ CREATE TABLE —

vOKIi ~ FILLFACTOR 4  A{~ | CREATE TABLE — WITH -
=3 4° Aq - | pg_classc =. = — reloptions 2 3 A

31 FILLFACTOR —

postgres=> CREATE TABLE fill1(keyl NUMERIC, vall TEXT) WITH (FILLFACTOR =85)
CREATE TABLE
postgres=> SELECT relname,reloptions FROM pg_class WHERE relname="ill1' ;
relname | reloptions
+
filll | {fillfactor=85}
(1 row)

€ ALTER TABLE —

—92Ki - o= FILLFACTOR L Aq~| ALTER TABLE -~ SET
# =3 A 9FILLFACTOR 4 o=l  wOKi - «2) t 45

S
59
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32FILLFACTOR — r~ || ¢2ad-—

postgres=> INSERT INTO filll VALUES (generate_series(1, 1000), 'data’) ;
INSERT 0 1000

postgres=> SELECMAHp) FRONhieap_page_items(get_raw_page(‘filll', 0) ;
max

(1 row)

postgres=> ALTERTABLHEill1 SET(FILLFACTOR 30) ;

ALTER TABLE

postgres=> SELECMAHp) FRONhieap_page_items(get_raw_page(‘filll', 0) ;
max

157
(1 row)
vOKi filll —e>ad -3 A ° heap_page_itemss 4 [ =d> o— L
A < —dd> o | 1577 «> t 4 =™ <%5%]5A° ALTER
TABLE 4 == 8 FILLFACTOR 4k =8 a»e— 4 == ™3 A

%t 07 «2) % ot =™ <%y]{gAc

= © 21 pageinspect # td=m™3a0 ~ | superuser % o EAO

60
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32 vOKi
321 v Ki < |
PostgreSQL # | ¢ 2 %20 @8 YO Ki & wafi ¢ 6« ®8 v ¥ = ' wmid Nf " D
— oKOVe. | voKi 6 td38°e09zd>en-" @0L
A<e 2 =—9DKi ¥% 143 A9 pg_default v d K | y
D@D % =3 A9 pg_globalvd K | e22z>e@ Aq- evrn
Oo. 2% t1d=™3A°eDd4zD @ -9 Ki TABLESPACE
4 ~0 ™ 8 pg_ default v D K i % tdg340

é R! © D = D default_tablespace
R' 0 =D default_tablespace | ¥ D Ki & wafi ¢ £« @3 v ' « ' wmzid Ny "

D> —oKoeve.. ~ TABLESPACE 4 <V - td{voKi
4k =3 A% 1 —R' @) 2D — | CREATEDATABASE ~ | ¢2 2z>
®— SN B IR

1 —R' 0D a4d>—ehoi s |66 Z8oKOVe,— | #dag
de¥% 14 VedKi % 143091 —R' 03 4] | wmlil ®2fi ®8

t2| oo ges T gL A s%nERTAC

30 O K — doaw%fV —oKove !
oK ©Ve R! © D 2 D default_tablespace —
R' ©2 2> Ned R' ©2 a> o -

¢D2zD0 @ pg_default pg_default

vOKi tdVedKi ¢dJa9zd @< 0vOKi
-—fi ¢ P« ® tdVedKi ¢dazd @< 0vOKi
vl o mmman td VedKi ¢dazd) @< AvOKI
) S

° D ~fi ®7 tdVedKi ¢dJa9zd @< 0vOKi
¢ Oracle Database < 8g o< i LNed 500
7o+ fi @— ~ | TABLESPACE %Nef 5 S+%8 1 —R' ©2 22—
4L t3A°

61
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SET & [=%rpo i 2R' 00 a0 L = 8 v —¥2K
i % A %¥erve et dg A ~roKoVve Y%Nef| %> e ¥
| Hveerdqste
postgresgl.confh Dwmi &£ [ = wmfi ®2fi ® #R' 02 a2 v 8
tdvVedKi - | wveetdgy$o5v/ — & TABLESPACE 4+
A < ¢34z @—vDKi % tdg00
33 -0 ™My ) Ki L v -

postgres=> SHOWefault_tablespace ;
default_tablespace

ts _bad b postgresgl.conf =0 ™My D K AL
(1 row)

postgres=> CREATEABLEatal (c1 NUMERIC2 VARCHAR));
CREATE TABLE

postgres=> \d datal
Table "public.datal "
Column | Type | Modifiers

+ S —

¢l | numeric |
c2 | character varying(10) |
b #hoi | —wdKi % 14
postgres=> SET default_tablespace = ts_bad2 ;
SET default_tablespace =ts_bad?2 ;

ERROR: invalid value for parameter "default_tablespace": "ts_bad2"
DETAIL: Tablespace "ts_bad2" does not exist.
h SET ~ |F{ R' ©> = > default_tablespace | #wve <% 34 °

é R! © D 2D temp_tablespaces
oKov-sd A{vdoKi — esd o3 - %
pa=m e s voKki | SRS RS

62
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322 0K ©Ve ) ShDmmi —

PostgreSQL # | ¢ D 2z> @d vy2Ki —oKove, |oQ Dv=fian- ov
F—¢o" o) dh0mi < o= Mg A9
8 9OKi TABLESPACE —
pg_default v 3 K i | 2 24z>en-' @240 —basess” <.} -3
A° —wdKi L A < 8{PGDATA}pg_ thlspc ¢ =" <1 ' ~o fi W' ¢ <
"fi-%  1dgA0
o fiWw' een’ fic—hOmsi | 8 pg_tablespacec 2. = — oid r
£FA°
74" o) 90K
¢dazd@enN-' @D vOKi
/usr/local/pgsql /data / usr/local/pgsql  /tbl2
| | |
base pg_tblspc PG 9.6 201608131
| | |
¢J4az> @oid vOKI ¢J 3z > @oid
| oid |
v D K i filenode v D Ki filenode
4 4
63
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34 9v0Ki <es" oy —

postgres=# CREATE TABLESPAQE HOCATION ‘/usr/local/pgsql
CREATE TABLESPACE
postgres=# SELECT oid, spcname FROpY_tablespace ;

oid | spchame

+
1663 | pg_default
1664 | pg_global
32788 | thl2

(3 rows)

$ Is '‘B/ usr/local/pgsql /data/pg_tblspace
total O

Itbl2";

Irwxrwxrwx 1 postgres postgres 26  Feb 11 11:15 32788 - > /usr/local/pgsql/tbl2

$
vOKi 4 A <ses" <1 | ¢ PG_{VERSION}_{YYYYMMDDN} o
<™e —oKne=" <% 1d3A°YYYYMMDD | oK
$|008h03VEJ — o0 < le|=|A9
3BydKi -
$ Is 'B/ usr/local/pgsqgl /tbl2
total 4
drwx----- 2 postgres postgres 6 Feb 11 13:23 PG_9.6 201608131
$

& ¢D434zD o—

¥ IJ||=|A91

¢d2zd> @ |edazden-"' @4> # — ID oid

— oid | pg_database © 4. =~ — oid < o= A< %% % A
pg_stat_database < 2. = — datid 9vwDdKi —4DJ2zD2 &— oid<
—¢5" <y "%  1dgA90d— |8* 2veo! vo oid2namez L
AQ
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36 ¢Da9zD &—

postgres=> SELECT oid, dathame FROM pg_database ;
oid | datname

+

13322 | postgres
24577 | demodb
1| templatel
13321 | templateO
(4 rows)

$ oid2name
All databases:
Oid Database Name Tablespace

24577 demodb pg_default
13322 postgres pg_default
13321 template0 pg_default

1 templatel pg_default
2
$Is -lbase
total 48
drwx----- 2 postgres postgres 8192 Feb 11 10:33 1
drwx----- 2 postgres postgres 8192 Feb 11 10:33 13321
drwx----- 2 postgres postgres 8192 Feb 11 12:25 13322
drwx----- 2 postgres postgres 8192 Feb 11 12:25 24577
$
€ oKove, Y%|lhDw &
pg_classc a, =4k A ~ 8 pg_relation_filepath L [=wdKi
Lh Dl L A1 <%ZE%Rg A9 1 — r~92KIi vel o mmzndny
D) efiiec-@ L A< —fercsedaz0 @n-" @240 %|—
R el 5 A° pg_default —vOKi 4L o= ™ | & pg_tblspc
¢ ot - 1d =™ fer  1dl5A%s -] fiw et i

- —hD-ir_Q=|=|A9
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370KOVe ) <shODwl —

postgres=> CREATEABLElatal(cl NUMERIC¢c2 CHARO)) ;
CREATE TABLE

postgres=> SELECTg_relation_filepa th(‘public.data 1) ;
pg_relation_filepath

base/16394/16447
(1 row)
postgres => CREATE TABIdata2 (c1 NUMERIC, c2 CHAR)) TABLESPAGHE ;
CREATE TABLE
postgres => SELECTg_relation_filepath(‘public.data 2) ;
pg_relation_filepath

pg_tblspc/32985/PG_9.6_201608131/16385/32986
(2 row)

hDwai —qd A | & pg_relation_filenode 4L o3 A
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3.3 /]ﬂ-i ° @Y F <

331 4Dz @ene' @ad— )
¢d2z> enN-' @D~ td=™eo" cu |8 " D@d—q % -
®% % =>» 0700 ~of =™ %Nef 3 A° -idkd ~“HD@mdrs -~

© % 13 =™<? malil @i @  # %3 TF°

3B=c 8 ON=zD)<umfi ®2fi ®

g
¥

$ chmod g+r data

$ pg_ctl -Ddatastart -w

server starting

FATAL: data directory "/usr/local/pgsgl/data" has group or world access
DETAIL: Permissions should be u=rwx (0700).

$ echo $?

%eo" < - o= nitdb «vfir¥% tdsedaAzd en-' @20 %
I I R T I I - td 3805 VedKi %
1 " i . J
tdveem <t = 2oL~ SE W
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$ mkdir datal
$ Is 'Hd datal
drwxrwxr- x 2 post gres postgres Feb 11 12:59 10:27 datal
$ initdb datal
The files belonging to this database system will be owned by user "post gres".
<< >>
pg_ctl -D datal -1lodfile start
$ Is 'Hd datal
drwx------ 14 post gres postgres 4096 Feb 11 12:59 datal
$
$ mkdir ts1
$Is Hdtsl
drwxr-xr-x. 2 post gres postgres 4096 Feb 11 12:59ts 1
$ psql
postgres=# CREATE TABLESPACE tOCATION usr/local/pgsql /ts1 ;
CREATE TABLESPACE
postgres=# \q
$Is Hdtsl
drwx------ . 3 post gres postgres 4096 Feb 11 12:59ts 1
—fi ®-fi ® — 2y —HWve-|edazden-' x> -~ 14
VedKi $| 1—|—J||=|Z=|=9l—\/|= EE e=Lledazd e~ A
1 1« arodqs#

© 2013-2017 Hewlett -Packard Enterprise .

68



—

Hewlett Packard

Enterprise

40 9dKi — 22

postgres=# CREATEABLESPACE1sLOCATION usr/local/pgsql /ts1 ;
CREATE TABLESPACE

postgres=# \q

$Is '‘Hdtsl

drwx------ . 3 post gres postgres 4096 Feb 11 12:59ts 1
$ chmod a+r tsl

$Is '‘Hdtsl

drwxr-- r-- . 3 post gres postgres 4096 Feb 11 12:59ts 1
$ pg_ctl -Ddatarestart -mfast -w

waiting for server to shut down.... done

server stopped

server starting

332 h 0 wmi —
PostgreSQL # | ¥ D K1 < wafi ¢ £« ® —h O i
i - Aq o 4 o Vo

IN
)
1]

IJ||=|A9hD-

8 vDOKi

voKid Afs<e A{hDwi % 1930°¢2Ki <hOw —v eH
fi ~ | oid2name « v fi » 4 pg_classo 2. = — relflenode # # %3 A°

41 95Ki —  SHOmi

postgres=> CREATE TABLE datal(ctARCHAR), c2 VARCHAR)) ;
CREATE TABLE
postgres=> SELECT relfilenode FROM pg_class WHRE relname='datal ;

relfilenode

$ cd data/base/16424/
$Is 'H16446
- FW------- 1 postgres postgres 0 Feb 11 16:48 16446
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voKi — $|[:|_;§0— h,D—i$N9-||1S%f1/s=|=|A91—VDKi'—
" «322L L5 A°9TRUNCATE # 4 EJdv L zas

42 H VP o Wami J —h 0O e
postgres=> INSERT INTO data VALUES(ABC', '123") ;
INSERT 01
postgres=> \q
$Is 'H16446
- PW=------ 1 postgres postgres 0 Feb 11 16:53 16446
HMOVE o Wafl J %5 == ™0 ™M—% 80 muit | td 3 >Fe MOV E o Wl

s A shOwi - % 1% 4324 witer k. $ o | % 1% T
41 wnefqa

43 H VP o Wamfi J —hD-i

postgres=# CHECKPOINT ;
CHECKPOINT
postgres=# \q

$ Is 'H16446
- PW------- 1 postgres postgres 8192 Feb 11 16:54 16446

Ke B« Ommit# No| 8KB 2 % gd=™| 1 <%yFh]{gac

& ¢da— <
PostgreSQL | — RDBMS #Nof v k8™ «2»— & e<s " 2
t4 ne —" «2)%Ad o - 14340
70
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44 UPDATE — ShOwal —

postgres=> UPDATE dathSET c1='"DEF', c2='456" ;
UPDATE 1

postgres=# CHECKPOINT ;

CHECKPOINT

$ od ‘B 16446
0000000 nul nul nul nul P bs stx dc2 soh nul nul nul spnul @ us
0000020 nul speot sp ffdcdetxnul ~us @nul @ us @ nul

0000040 nul nul nul nul nul nul nul nul nul nul nul nul nul nul nul nul

*

0017700 ff dc4 etx nul nul nul nul nul nul nul nul nul nul nul nul nul

0017720 stx nul stx nul stx (can nul ht D E F ht 4 5 6
0017740 vtdc4 etx nul ff dc4 etx nul nul nul nul nul nul nul nul nul
0017760 stx nul stx @ stx soh can nul ht A BC ht 123
0020000
Zeb¥%h % g9 Ke ee— W = 20 %  1d=™ <%
1308°39 =" 0% rq=musbeudgaci - ~qem
J ) — |K,.LE- # IJ||ETM-||1S%f1/s=|=|A9
é —
medd A<eKe Be| ™ 7 ™-0d3A4° K. e r
o ¥Ne 8K. - — % 148 o A as o% 1
4 3 A Heap Only Tuples / HOT o

3.3.3 Visibility Map < Free Space Map

¥OKi d uafiop-ofs O mmii e |} —NO i < == td 340
¢224% 1 {{hDmi rcoKoves = 14 { RO % Visibilty
Map < Free Space Map # A ° Visibility Map < Free Space Map h O mmi |v3Ki 8
UNLOGGED ¢2Ki %l v’ « ' musng® 2r—q tdlgaes — —
0K OVe) TOASTYOKi 8 TOAST mmfi ¢ © « @ umfi ¢ P« @80 D *fi @
SRR EDE

71
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& Visibility Map
Visibility Map | ez > ©% A4 d> o Freeze % 4V ad> od

A

h

Dmmi 2A° ¥ Ki —hDwai - 344 dded 2y e,z =3 A9 N0 wi

8 —

| ¢ {RELFILENODE } vmg # A ° Ommit| 8KBZA9 ¢ K

B VE « Wafl J 3V | VACUUM - 1 3A8° L —RDwmi & A1 <28

VACUUM -ezJ 0% 0 ™3> ot @« ¢ k -8 VACUUM — 1/0
L A s%ER%gAC - | oa4ki % <o ™ADd o Visible % 32
o= ™ - 4 Locek egA°1 — | 52 @)

src/backend/command sfivacuumlazy.c ~ SKIP_PAGES THRESHOLD v «. #
tf=mqan

Visibility Map — i AV E~| Contrib - © 21 — pg_visibility 4 A
| ¢ < %% %3 A PostgreSQL9.6 % | ©

45 Visibility Map —

postgres=# CREATE EXTENSION pg_visibility ;

CREATE EXTENSION

postgres=# SELECT pg_visibility_map('datal’) ;

pg_visibility_map

(0.t

(1.t

(2.1

(3.t

<< >>
& Free Space Map

Free SpaceMap | ¥ D Ki Nh D wmi — 0D 0%2— %  ¥%Nef %4

A{hOmi 2A° $OKi —NDmmi -~ 34 02 0L 1P wm) # =3 A°
hOwsi | s {RELFILENODE } fsme #A° | —h Dwmmi &£ A{ 1 <#8" «D
) — L - A1 <s%E%| |ferodgnc Ommii| 24KBZAO @
JK 8 — VACUUM - 143493V VACUUM o<
rqac

VACUUM | Visibility Map & <o %|F 4 ™ Free Space Map  «3
AN

72

© 2013-2017 Hewlett -Packard Enterprise .



—

Hewlett Packard

Enterprise

8 Visibility Map < Free Space Map

Table Visibility Map Free Space Map
page 1 0%
50%
page 2 N 25%
page 3 Z

111 R
s TS

46 Visibility Map < Free Space Map

postgres=> SELECT relname, relfilenode FROM pg_class
WHERE relname='dafl ;
relname | relfilenode
+

datal | 16409
(1 row)

$ cd data/base/16385

$ Is 16409 *

- PW------- 1 post gres postgres 8192 Feb 11 16:46 16409 w Table

- [W------- 1 post gres postgres 24576 Feb 11 16:46 16409 fsmkw Free Space Map
- PW------- 1 post gres postgres 8192 Feb 11 16:46 16409 _vnw Visibility Map

$

3.3.4 VACUUM
L1 #| VACUUM - e RO — %r—fer A{wk oqas
| VACUUM 4t R' ©> = autovacuum=off <= ™3 Vo

& VACUUM CONCURRENT
VACUUM CONCURRENT 8 4L O mr¥Dfiaeg A0
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— #8K. Pe— %B2—|fer A{% <3Ac°

47 ¢ D o 12

CREATE TABLE

postgres=> INSERT INTQlatal VALUE®A AA '11l) ;
postgres=> INSERT INTQlatal VALUE® BBB '222) ;
postgres=> INSERT INTQlatal VALUE®$ CCC '333) ;
postgres=> INSERT INTQlatal VALUE$ DDD '444) ;
postgres=> INSERT INTQlatal VALUE$ EEE '555) ;
postgres=> INSERT INTQlatal VALUE$ FFF, '666) ;
postgres=> INSERT INTQlatal VALUE$ GGG '777) ;
postgres=> INSERT INTQlatal VALUE$ HHH '888) ;
postgres=> INSERT INTQlatal VALUES Il ', '999) ;
postgres=> INSERT INTQlatal VALUE$ JJJ', '000) ;
postgres=> INSERT INTQlatal VALUESA AA 'aad) ;
postgres=> INSERT INTQlatal VALUESA AA 'bbb) ;
INSERT O 1

postgres=# CHECKPOINT

CHECKPOINT

postgres=> CREATE TABLE datgc1 CHAR(500) NOT NULL, c2 CHAR(500) NOT NULL)

" «2) 1KB—woKid 812" «2yd o3 A9 d -4 2K @

«—9¥OKi % 14340

48 ¢ > o RO i —

$ oid2name’H data dbl
From database "datadbl":

Filenode Table Name

16470 data 1

$ cd/ usr/local/pgsql /data/base/16424
$Is 'H16470
- PW------- 1 postgres postgres 16384 Feb 11 10:56 16470

© 2013-2017 Hewlett -Packard Enterprise .

74



—

Hewlett Packard

Enterprise

49 K. b o Ko P @

0000000 nul nul nul nul dle U stx nak soh nul nul nul 4 nul H etx

*

0001740 ° bel nul nul G G G sp sp sp sSp sSp sp spsp sp
0002720 sp sp sp sp sp sp sp sp  bel nul nul 7 7 7
0003740 ack nul stx nul stx bs can nul " bel nul nul FFF
0004740 ° bel nul nul 6 6 6 Sp Sp sSp Sp Sp Sp Sp Sp sp
0005760 " bel nul nul E E E Sp SpP SpP SP Sp SP Sp Sp sp
0006740 sp sp sp sp sp sp sp sp  bel nul nul 555
0007760 eot nul stx nul stx bs can nul ~ bel nul nul D DD
0010760 " bel nul nul 4 4 4 Sp Sp SpP SP Sp SP Sp Sp Ssp
0012000 " bel nul nul C C C spspspspspspspspsp
0012760 sp sp sp sp sp sp sp sp  bel nul nul 3 3 3
0014000 stx nul stx nul stx bs can nul " bel nul nul B BB
0015000 " bel nul nul 2 2 2 Sp Sp SpP SP Sp SP Sp Sp Sp
0016020 " bel nul nul A A A spspsp sSpsSp sSpsSpspsp
0017000 sp sp sp sp sp sp sp sp  bel nul nul 111

*

Sp

Sp

sp

Sp

Sp

sp

Sp
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0020000 nul nul nul nul nul k stx nak soh nul nul nul , nul X vt
0020020 nul sp eot sp nul nul nul nul x escdle bs petbdle bs
0020040 hdc3dle bs " sidle bs X vtdle bs nul nul nul nul
0020060 nul nul nul nul nul nul nul nul nul nul nul nul nul nul nul nul

*

0025720 nul nul nul nul nul nul nul nul 6 dc4 etx nul nul nul nul nu

*

0025760 " bel nul nul L L L Sp SpP SpP SP Sp SP Sp Sp sp
0026740 sp sp sp sp sp sp sp sp  bel nul nul b bb
0027760 eot nul stx nul stx bs can nul " bel nul nul K K K
0030760 " bel nul nul a a a Sp SP SpP SP Sp SP Sp Sp sp
0032000 ° bel nul nul J J J Sp SP SpP SP Sp SP Sp Sp Ssp
0032760 sp sp sp sp sp sp sp sp  bel nul nul 000
0034000 stx nul stx nul stx bs can nul " bel nul nul [

0035000 " bel nul nul 9 99 Sp SpP Sp SP Sp SP Sp Sp Ssp
0036020 " bel nul nul H HH spspspspspspspspsp
0037000 sp sp sp sp sp sp sp sp  bel nul nul 8 8 8

0037020 sSp sSp Sp Sp SP SP Sp SP SP SP SP Sp Sp Sp sp sp

*

0040000

sp

Sp

Sp

sp

Sp

Ke Be— 7«24 =& VACUUM L <3A0
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postgres=> DELETEEROMatal WHEREL IN (' CCC, 'JJJ) ;
DELETE 2
postgres=# CHECKPOINT
CHECKPOINT
postgres=> VACUUM ddlg
VACUUM
| — -4 Ko e~ %> —|er =V Yad -3 A° - | &
VACUUM —K. P~ L o=™M3A9K. B e #8 07 €D ) %K. P~
+ tdsZebsKe B — - % % 1d=™MgAcL— |4
-V % & o= ™| | < %%y g A9V w8 —" (D) z |
001740 C1=8GGHC2=q776-" « D » <8 003740 C1l=@&LL §C2=Bbb&" « D » |
o= 1 Jll = TM=I A °
Ke Be — «2) | HOT (Heap On Tuples) — z L t 4 = ™5
Aedd e ~ % % o=™< tdv -] 8K. B« # VACUUM
— 4 ™3 A® —d>s or Y8 ¢J||ETM=1A9
http://lets.postgresql.jp/documents/tutorial/hot_2/hot2_2
77
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52 VACUUM Ko B o

0000000 nul nul nul nul sp 7 stx nak soh nul soh nul 4 nul

*

0001740 " bel nul nul G G G spspsp spspsp

*

0002720 sp sp sp sp sp sp sp sp  bel nul nul

*

0003740bel nul stx nul stx ht can nul " bel nul nul

*

0004740 “belnul nul 7 7 7 Sp Sp SpP Sp Sp sp

*

0005760 " bel nul nul FFF Sp Sp SpP Sp Sp sp

*

0006740 sp sp sp sp sp sp sp sp  bel nul nul

*

0007760 enq nul stx nul stx ht can nul " bel nul nul

*

0010760 " bel nul nul 555 Sp Sp Sp Sp sp sp

*

0012000 ° bel nul nul D D D spspspspspsp

*

0012760 sp sp sp sp sp sp sp sp  bel nul nul

*

0014000 stx nul stx nul stx ht can nul ~ bel nul nul

*

0015000 ° bel nul nul 2 2 2 Sp Sp Sp Sp sp sp

*

0016020 " bel nul nul A A A spspspspspsp

*

0017000 sp sp sp sp sp sp sp sp ~ bel nul nul

*

Sp sp sp

Sp Sp sp

sp sp sp

Sp sp sp

Sp Sp sp

Sp Sp sp

Sp Sp sp

P bel

sp

sp

sp

sp

sp

Sp

sp

© 2013-2017 Hewlett -Packard Enterprise .

78



—

Hewlett Packard
Enterprise
53 VACUUM 2K. B @
0020000 nul nul nul nul dle  H stx nak soh nul soh nul ,nul =~ si
*
0025760 " bel nul nul L L L Sp SP SpP Sp Sp SP Sp Sp sp
*
0026740 sp sp sp sp sp sp sp sp  bel nul nul b b b sp
*
0027760enq nul stx nul stx ht can nul " bel nul nul L L L sp
*
0030760 " bel nul nul b b b Sp Sp Sp Sp Sp SP Sp Sp sp
*
0032000 " bel nul nul K K K Sp Sp Sp Sp Sp SP Sp Sp sp
*
0032760 sp sp sp sp sp sp sp sp ~ bel nul nul a a a sp
*
0034000 stx nul stx nul stx ht can nul " bel nul nul I 11 sp
*
0035000 " bel nul nul 9 99 Sp Sp Sp Sp Sp SP Sp Sp sp
*
0036020 " bel nul nul H H H spspspspspspspspsp
*
0037000 sp sp sp sp sp sp sp sp ~ bel nul nul 8 88 sp
*
0040000
é VACUUM —
VACUUM 2 % L zwvyV Esedad  LgA0

54 e

postgres=> INSERT INTQlatal VALUES (MMM, ‘ccc)

INSERT O 1
postgres=# CHECKPOINT
CHECKPOINT
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0000000 nul nul nul nul ~ tstx nak soh nul soh nul 4 nul H etx
*
0001740 " bel nul nul M M M sp sp sSp Sp Sp Sp Sp Sp sp
*
0002720 sp sp sp sSp sp sp sp sp  bel nul nul ccec sp
*
0003740 bel nul stx nul stx htcan nul ° bel nul nul G G G sp
*
0004740 " bel nul nul 7 77 Sp SP Sp SP Sp SP Sp Sp sp
*
—ferei1q392 o= t 4 = ™V 0001740 % wtd=™{1<
%¥%d30° — | $2KIi — FILLFACTOR - = o %Ne| 5 A °

€ VACUUM FULL

VACUUMFULL | & S s 01 200 8RN0 mmi — IL e

A  —hDw %2—|fer A{%d ~3A°

VACUUM FULL &£ A{<® hOwmi <hOws —i-node% 14 =™ <

Velts  —hOwm % 1441 <%F%dq A9 1 —1 <%[ VACUUM FULL |
—hDwai & 387 20— LenHBt HOwi £ A1 <ZhH0

- AL IETM-”lS%ﬁ-l/ﬁIﬂAg

56 VACUUM VACUUM FULL
$Is -li 16470 v VACUUM FULI-h O mei
558969 - rw------- 1 postgres postgres 16384 Feb 11 11:39 16470

$ oid2name-d datadbl
From database "datadbl":

Filenode Table Name

16476 datal w VACUUM FULLFilenode % 14 v ©
$1s -li 16476 t» h Dwmi < i-node¥%s ¢4V
558974 - rw------- 1 postgres postgres 16384 Feb 11 11:47 16476
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—woKi %lf  1d{edaz5 e o= VACUUMFULL L A}

8 - t 44 vAcuum | ¥2Ki ot #A CONCURRENT
VACUUM L e ¢~0fi) %l t4{vd2Ki~ <= VACUUM
FULL £ A ¢ N Owsi — VACUUM FULL % A{sgzeoKid
A A==—hO =i | td3a° 1 -V E ceYdKi —¥=0fi
vl o4 q #| -~¥JDKi —®@/" D0 % % - o %
Nef 5 4
8 <

1,000 «2>» —¥D2Ki - == 7 «2) # UPDATE 4L A <®

¢2)r- <=1000 UPDATE <L A # | 8 VACUUM <o

"2y — % oadgA0 — | "« —«HI% td{--
8 T «2y»— #| VACUUM L A FEK. BEe — 7T D) -

% ordf v teas
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postgres => CREATEABLEdatal(cl NUMERIC2 VARCHARO0),c3 VARCHARO))
CREATE TABLE
-- insert 1000 records
postgres => SELECTelpages, reltuples FRON)g_class WHEREIname='datal' ;
relpages | reltuples

+

8| 1000

(1 row)
postgres => UPDATHatal SETcl=cl+l;
UPDATE 1000
postgres => SELECTelpages, reltuples FRONdg_class where relname='data 1' ;
relpages | reltuples
+
15| 1000 b Ko Be % d4=™
(2 row)
postgres => TRUNCATE TABd&al ;
-- insert 1000 records
postgres=> UPDATE dathSET C2="TEST' WHERE ¢1=100-- 1,000
UPDATE 1
postgres => SELECTelpages, reltuples FROMN)g_class WHEREIname='datal' ;

relpages | reltuples

+

8| 1000 b K. B~ 4 = ™p ™

(1 row)
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335 02Kk fi Nh O wi

PosStgreSQL Ymmfi ®=fi ® #0dKfiA{ QO wi = ™=

Isof « ¥ fi » 4t

€ wmfi ®Afi

wfi ®2f ®

=8 k. ?EOSODKﬁﬁETM-”th_i_ AL =™

| & logger process k. ¥ ®%. = h O mmi LoDk fi =8

autovacuum launcher k. % ®% pg_database« . = r A RO £odkfi =

4°

31 03K finh D mi

K. % ®

OK@V-J h,l:‘-i

postmaster

/tmpl.s.PGSQL.{PORT}

logger process?

{PGDATA}/pg_log/postgresql -{DATE}.log

autovacuum launcher pg_database
€ " D2m@m>d
< e fis%  A{<8Pe- «fisnk. ¥ ® postgres %8 pg_amo 2. =i

odkfiegA°3V" D@D — ¥ ]/8| # A ¥%8 checkpointer K.
" fiJ— WAL Ommi LoDk fi o5A°

8 R! o D 2D logging_collector = on
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32 02Kk finhOmmi

k.o ¥ ® oK ©O©Ve.) hOmm
postgres pg_authid

postgres pg_class

postgres pg_attribute

postgres pg_index

postgres pg_am

postgres pg_opclass

postgres pg_amproc

postgres pg_opclass_oid_index

postgres pg_amproc_fam_proc_index
postgres pg_class_oid_index

postgres pg_attribute_relid_attnum_index
postgres pg_index_indexrelid_index
postgres pg_database oid_index
postgres pg_db_role_setting_databaseid_rol_index
& Jifimee T —

JPfimes Tfive AfssPre-«firnk. ¥ @ —oKove
wt #n0o8 o fis—WALLodKfi o5 A9
33 0K fi NH O mmi

ke ¢ @® oK®©®©Ve.) hOumm

postgres pg_xlog{WALFILE}

postgres oK ©Ve |

€ " D>m@m>d

" D@I)Y¥%e. DuAf<csPe. «fidnk. ¥ %

O e |

34 o>

- q434°

Kfi N h O wmi

AV Lsookfi —z ™

k. ¢ ®

oK ©®Ve.) hOma

autovacuum launcher | pg_database

logger process {PGDATA}/pg_log/postgresql -{DATE}.log
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1

P A

—  Y%|-ePostgreSQL | 9 —h Dmmi ~= ™= -of v e
™Y | < %% A% ~hDm 4 WALNOwai L o zodkfi =8
o €er Do ™| L <Yl gA0

336 k. ¥ @— WAL— %% T

Jlfimes "five A< WALNRODwai - % 7% 34 34° WAL — %
1 | walwriter k. ¥ @3 Vv | postgresk. ¥ ®¥% ™3 A° 0o ofis 2|
WAL — % | walwriter K. ¥ @—3% =™ [fer % =™3 A %s

~ | postgresk. ¥ @l % & ™3aAowALdL % g k. ¥ e— - =
TM5| A AL [ =™ Z+9

1 .
& R’ o> 2> synchronous_commit=on —

— | 8 R! © D 2 D synchronous_commit =on ¢ h ¢ i | —wmfi ®2f ®-
e=9dKi 4 8 INSERT 4 . — postgresk. % ®@—° @Y F «D
<= ™3 A9 postgresk. ¥ @% WAL — % i [ =T™3 A0

58 postgresk. ¥ @% A{- @vr «>i

1: recvfrom(10, "Q \0\0\0, INSERTINTOdatal values (1"..., 8192, 0, NULL, NULL) =45
2: open("base/16394/91338_fsm", O_RDWR) =-1

3: open("base/16394/91338", O_RDWR) =16

4: Iseek(16, 0, SEEK_END) =0

5: Iseek(16, 0, SEEK_END) =0

6: kill(7487, SIGUSR1) =0

7: write(16, "\0\0O\O\0\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\ O\ O\ 0., 8192) = 8192

8: open("pg_xlog/000000010000000DO00000DA", O_RDWR) = 17

9: Iseek(17, 6381568, SEEK_SET) = 6381568
10: write(17,"u \32005\0\1\0\0\0\0"a\ 332 r\ 0\ 0008 AAO\O\O\OVOVO™...., 8192) = 8192
11: fdatasync(17) =0

12: sendto(9," \2\ 0\ 0\ 0\ 230 2\ 0\ O\ n@0O\ O\ 6\ O\ O\ O\ O\ O\ O\ 0"..., 664, 0, NULL, 0) = 664
13: sendto(10, "C \O\0\ O\ 17INSERT 0 10A 0\ 0\ 0\ 51", 22, O, NULL, 0) = 22
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35 td Ve @ «Di
1 '2oJinv el %[|INSERT 4
2 $YOKIi NHOwal —= « ¥ ® fSmhOmi &
3 $YOKi HOmal —* « % ® ¢ 3hDmmi oDk fi
4 $OKi hOw —
5 $OKi hOw —
6 k. ¥ @ ID 7487 (writer process) +-° = ai
7 $OKi hOwm — das o—
8 WAL — o 2 K fi
9 WAL —
10 WAL — % 7
11 WAL —
12 UDPE eJ: D4
13 TCP ¥ e- Tfi+

é R! © D 2 D synchronous_commit = off —

R' ©> =2 synchronous_commit 4 off ~ V<18 WAL — % 7| wal
writer k. ¥ ®% e |feradg «vVepostgresk. ¥ ®| WAL NOmmi ~= « ¥ @
c=E™3 Y49 ¢) AN Dmal — 1 g% [V 8 walwriter k. ¥ ® k. ¥ ®ID

7635 - <= SIGUSR1- =~ gi & = m3p0

86
© 2013-2017 Hewlett -Packard Enterprise .



—

Hewlett Packard

Enterprise

50posigresk. ¥ ®% A o0- evr «Di

recvfrom(10, "Q \ 0\ O\ O.insert into datal values (1"..., 8192, 0, NULL, NULL) = 47
open("base/16499/16519 fsm", O_RDWR) =34

Iseek(34, 0, SEEK_END) = 40960

Iseek(34, 0, SEEK_SET) =0

read(34, " \0\0O\001\ 312 0\0\0\0O\3000O\O \O \4 \0\0\0\\ 0\ 3500 3500 0\ 350"..., 8192) =
8192

open("base/16499/16519", O_RDWR) =35

Iseek(35, 44269568, SEEK_SET) = 44269568

read(35," \1\0\0\0\ 260774 2R f\0 \ 4 \ O\ 0\ O\ 0\ 330 237130\ 260\ 23713 0"..., 8192) = 8192
kill(7635, S IGUSR1) =0

sendto(9, " \210\ 0\ 0\ 320 3\ 0\ Os@O0\ O\ t \\ O\ O\ O\ O\ O\ O\ O\ O\ O\ 0"...., 976, O, NULL, 0) =
976

sendto(9, " \210\0\0\ 32003\ O\ Os@\ O\O\O\ O\ O\ O\ GV OV O\ OV OV OV O™...., 976, O, NULL , 0) =
976

sendto(9, " \ 2\ 0\ 0\ 0000 2\ 0\ 0s@0\ O\ 5\ 0\ O\ O\ O\ O\ O\ O\ O\ O\ O\ 0"...., 560, O, NULL, 0) =
560

sendto(10, "C \O\O\ O\ 17INSERT 0 10A O\ 0\ 0\ 51", 22, O, NULL, 0) = 22

6Owalwriter K. ¥ @% AJ o @vr «Di

---  SIGUSR1 (Userdefined signal 1) @ 0 (0)

write(4, " \0", 1) =1
rt_sigreturn(0x4) = -1 EINTR (Interrupted system call)
read(3," \0", 16) =1

open("pg_xlog/000000010000000100000017", O_RDWR) =5
write(5 , "} 132016\ 0\ 1\ 0\\ 27A 1\ O\ O\ O\ O\ O\ O\ O\ O\ O\ O\ OL< 302X 322cuS"..., 8192) = 8192
fdatasync(5)

walwriter k. ¥ ®| SIGUSR1- = gi d 1 =8 Rumk — & ™8 WAL h O
- Y FE Mg A

& J P fimee i
% WAL P e h O~ 2% 0™ &8, ' fimeo " fi— ~ WAL h O
- % td3A°9/ — | postgresk. % @< walwriter k. ¥ %  r -

0% k. ¥ @%WALh Dmmi & <340
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337 k. ¥ @— checkpointer ~ [ %
checkpointer k. ¥ @] dHVE cweafi J &£ A k. ¥ @EAC H VE
Wasfi | % A <8 bdvenPehOLed ahDw - % 78 PehOs
®," D ©— 4 1Y A° — | CHECKPOINT & - -

o @vF «Di ;" 5y @y L_#A0

checkpointer k. ¥ ®%¥% o= ™

61 checkpointer ~ |F{ %

open("pg_clog/0000", O_RDWR|O_CREAT, 0600) = 5

Iseek(5, 0, SEEK_SET) =0

write(5, "@UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU".818292) =
fsync(5) =0

close(5) =0

open("base/16499/24980_vm", O_RDWR) =5

write(5, "\ 0\ 0\ 0\ 0\ 210 2531 262 0\ 0\ 0\ 0\ O\ O\ O\ O\ O\ 200\ 3652 0"..., 8192) = 8192
open("base/16499/24980", O_RDWR) =7 ¢D AN 0w

Iseek(7, 442368, SEEK_SET) = 442368

write(7," \0\0\0\3r\2620\0\ 1\ 0\ f\ 42001610 \4 -\ 1000:\ 0\ 1\ 0"..., 8192) = 8192
— Iseek /write & 4 o -

open("base/16499/12725", O_RDWR) =10

write(10," \0\0\0\0\30\ 1\ 0\ 220.0\ 2700 1A 0 \ 4 \ 0\ 0\ 0\ 00\ 231|\ 3"..., 8192) = 8192

fsync(7) =

fsync(8) =

fsync(5) =

fsync(10) =

Iseek(14, 7528448, SEEK_SET) = 7528448

write(14, "} \320.5\0\ 1\ 0\ 0\ 0\ 0\ 340r\ 262 0\0\0\0& O\ O\\ O\ O\ 0)\ 0"..., 8192) =

8192

fdatasync(14) =0

open("global/pg_control*, O RDWR) =11

write(11, 02x \322cuS251\ 3\0\0\ 2672 1\ f\ 6\ 0\ 0\ 311 2373 0\0\ 0\ 0"..., 240) = 240

fsync(11) =0

close(11) =0

pgcloge o™ <) '~ H VP o Wi | L % 318 - vmhOwsi 4 -
=3 A9/ — Ko Be]=¢D ahDmi 4 -8 ~ pg_control h O wai ~
BV E Wl — & m=Mg A
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338 k. ¥ @— writer - | %
checkpointer k. ¥ ®% ™ % % oqd f=™|—-  cswriter K. ¥
o | tdvadxe sd2v=nPeho &£ ™ 2 M= % F#™3A°
wiiter k. ¥ @— % - |F4 8 # Ve - wefi J ~2%1{ VO—-H>-L A
< ¥ Y59 Aowriter kK. ¥ @— %% g | R' ©2 =2 bgwriter_delay ¢ h o i J
200ms # k[ =m™3A° L | Linux/UNIX k' eJhodr#| select
(2) - ®@v+ « D i 8 Windows E3 | Windows APl WaitForMultipleObjects # -
3 A WaitLatch backend/port/win32_latch.c 3 v | backend/port/pg_latch.c °
% 7K. B« — | 8 R! © D 2D bgwriter_lru_maxpages # 13 ={ 3A°
¢hoi s | 100£A° — % K. ee | VK. Be -8R
Lo td 349/ — #2LR' 0>

Y02 a0 bgwriter_Iru_multiplier

AL 1

> bgwriter_Iru_maxpages 44 ¢+ =] Nd 3 3F° R 01 240D
bgwriter_Iru_maxpages < <t4dV ar>o - |H t 4 das e
Y e cdd>o 4L %™ ~—4 — % 1% F934°

6wrter k. ¥ o A{R' ©d >

R' ©d 2> ¢hoi |
bgwriter_delay writer K. ¢ @— % 7 200ms
bgwriter_Iru_maxpages % 7 dro 80-A{<s % g |100
| F4om™

bgwriter_Iru_multiplier as o~ 1t 2.0
339 k. ¥ @— archiver
archiver k. % ®| % 7 % oV WALhDmail —* D cwmK &£ ek. ¥ @2
A° — ot fi 2% ) CmaK A2 0 ™Mg A0

T 60 3 -

T SIGUSR1:- = ni 4 vigd -

— | — dog o ™5 A0

1 {PGDATA}/pg_xlog/archive_status ¢ o~ < ' i
1 {WALFILE}.ready h O wm AL

1 R' ©> 2> archive_command # t 4 Vv v fiyde system L [ =
T ov ) o ol
1 {PGDATA}Y pg_xlog/archive_status {WALFILE}.ready h O o= dL

{PGDATAY} pg_xlog/archive_status {WALFILE}.done ~
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62archiver k. ¥ @% A o- @vr «2i

---  SIGUSR1 (User defined signal 1) @ 0 (0)  ---

rt_sigreturn(Ox4) = -1 EINTR (Interrupted system call)
open("pg_xlog/archive_status”, O_RDONLY|O_NONBLOCK|O_DIRECTORY|O_CLOEXEC) =
clone(child_stack=0, flags=CLONE_PARENT_SETTID|SIGC

parent_tidptr=0x7fffcc9 877d8) = 5119

wait4(5119, {WIFEXITED(S) && WEXITSTATUS(s) == 0}], 0, NULL) =5119

---  SIGCHLD (Child exited) @ 0 (0) ---
rename("pg_xlog/archive_status/00000001000000000000003B.ready",
"pg_xlog/archive_status/00000001000000000000003B.done") =0

sendto(9, "\v\0\O\0@O0\ 0\ 0\ 00000000001000000000000003"..., 64, 0, NULL, 0) = 64

R' ©> 2> archive_command — R' 02> 22& A{vE-|sR' 022>
log_min_messages~ DEBUG3 & -3 A° — =%  td34c°
63 archive_command )

DEBUG: executing archive command /bin/ cp pg_xlog/00000001000000000000007
/arch/000000010000000000000071"

* D0 K — WAL % . 2, -4 AV E-]8R" 024>
log_min_messages~ DEBUG1 4 o3 A0 — ~ % td 540

64 = >0 mmK WAL —. o

DEBUG: archived transaction log file "0 00000010000000000000071"
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34o0fi’ mmfiNP Peos PL

341 0fi' mfinPee= Bk—

ofi' mmfi NP P wn 2k | mafi ®2fi ® zPe-spkd A za°
m-fi ®2fi ® = pg_start_backup A -8 #D9z) ®N~' ®a) -
hDwai P e e bk o3 A9P e 2k % =V |F pg_stop_backup

-3 A° 14 F— | pg_basebackup « v fi » # - el <%%%gA9ofi
=finPeesck| ez 0n-' ®40 2] vOKi —Pe-
- ek A %N 3 A°¢D =20 @ —Pee=rtk| pg_dump «wfi

— Pee=ckd A YeNe 5 A ©

€ pg_start_backup

ofi' mafinPeesek— & <3A9,— % 1d{ssPe-xcrk
— WAL o h ¥ e % td 3893V 2T DRO el
s {PGDATA}Ybackup_labels % 145 A°" Zzi NhDwmi - | 8P E < £k —
4 WAL— % 1d34°

65 0fi' mafi NPEG= Bk —

postgres=# SELECT pg_start_backup(now()::text) ;
pg_start_backup
0/59000028
(2 row)
postgres=#

66 pg_start_backup — backup_label h O wmi

$ cat data/backup_label

START WAL LOCATION: 0/6000028 (file 000000010000000000000006)
CHECKPOINT LOCATION: 0/6000060

BACKUP METHOD: pg_start_backup

BACKUP FROM: master

START TIME: 201-02- 11 12:47:42 JST

LABEL: 201702-11 12:47:42 .2466+09
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€ pg_stop_backup

ofi' mafi NP Pw= pk— L& “30°1— % rq{scPe-- Kk

— WAL oh ¥eJ % ¢4 3A°3V pg_start_backup - t

4 v' zi nhOwi s {PGDATA Ybackup_labels | 1800wk 200"
b e = i DD % 14540

67 ofi ' wmfi NP EG= BK—

postgres=# SELECT pg_stop_backup() ;

NOTICE: pg_stop_backup complete, all required WAL segments have been archived
pg_stop_backup

0/5B0000B8
(1 row)
R' ®> 2> archive_mode=off — #zofi' mmfinPewsekd Af<s
pg_stop_backup - - % td 540
68 ofi ' mmfi NP Eo= Bk — archive_mode=off

postgres=# SELECTg_stop_backup() ;
NOTICE: WAL archiving is not enabled; you must ensure that all required WAL

segments are copied through other means to complete the backup

pg_stop_backup

0/590000B8
(1 row)

€& Non-Exclusive = 23 )
PostgreSQL 9.6 # | Non-Exclusive = 2 ) - [{ofi' mfinPe-s ek% ro

4 3 =V 9 pg_start_backup — exclusive R' ©2 2>~ falsed A1 <#
£%30° 1 —R' 024> —ehoi s | tuezs POOfis— % ot
4 = ™3 A ° pg_start_backup 4 < pg_stop_backup | a:-00— L e

%Ne{ 5 A ° Non-Exclusive = D » # pg_stop_backup & A4 <8 Exclusive
22 < | % od3g40°
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69 Non-Exclusive = 2 » ~ |[{ ofi' mmfi NP eo= £k

postgres=# SELECT pg_start_backup(now()::text, false, false ) ;
pg_start_backup

0/8000028
(1 row)

postgres=# SELECT pg_stop_backup() ;

ERROR: norexclusive backup in progress

HINT: Did you mean to use pg_stop_backup('f)?

postgres=#

postgres=# SELECT pg_stop_backufslse ) ;

NOTICE: pg_stop_backup complete, all required WAL segmen ts have been archived
pg_stop_backup

(0/8000130,"START WAL LOCATION: 0/8000028 (file 000000010000000000000008)+
CHECKPOINT LOCATION: 0/8000060 +
BACKUP METHOD: streamed +
BACKUP FROM: master +
START TIME: 201-02-11 12:50:16 JST +
LABEL: 201702-11 12:50:15.900273+09 +
""16384 /home/postgres/tsl +
")

(1 row)

342P¢Fken ekn' zi NHO wmi

PeersbkN' ZIi N Dwai |80fi' amfinPeesek— % 1449
®) h Dmmi #A° pg_start_backup L A | < 85 {PGDATA }/backup_labels h O
- < o= t 4| 3 A ¢ pg_stop_backup 4 A < @ backup_label N O wai |

L 5 g eV 18 e D0 mK.e ~< 0057 <~ —hODwe

I = # ¢J||=|A9

2Pees bkn' zIi NhOwal —hOoDwv el

{WALFILE}.{WALOFFSET}.backup
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-—fi ®2fi ® ~ backup_label h D wai % [ = ™ 8 dec” oy~
backup_label.old h O wai r % 14 3n0L— | ®pg_ctlstop i mimmediate
cvfird oy z L 1434
—-fi ®2fi ® ~ backup_label h O mai % [ = ™ Ls hi wal %
backup_label.old - h Dwai % ¢34 =% |eafi ®=fi ®% 14 3A°. =~ |
L34
L i Nh Ol | v ®) ~hDmmi 280fi' wfinPees ke A
% tdl=™g A0

37Peresekn' zi NHhO wmi —

1 START WAL LOCATION Perpe=tk — WAL

2 STOP WAL LOCATION: PerPe=tk — WAL

3 CHECKPOINT LOCATION: H VP o Waafl J

4 BACKUP METHOD: PerPe=tk

5 BACKUP FROM: PerPe=tk

6 START TIME:

7 | LABEL: Peestkn'zi pg_start_backup

#

8 STOP TIME: pg_stop_backup

- |4

— STOP TIME | pg_stop_backup 4 Y -
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70" Zz i DO e

START WAL LOCATION: 0/8000028 (file 000000010000000000000008)
STOP WAL LOCATION: 0/8000130 (file 000000010000000000000008)
CHECKPOINT LOCATION: 0/8000060

BACKUP METHOD: streamed

BACKUP FROM: master

START TIME: 201-02- 11 12:50:16 JST

LABEL: 201702-11 12:50:15.900273+09

STOP TIME: 201-02-11 12:50:36 JST

343" k1 oo Tfisofi' mfinPee= ek
ofi' mafiNPeestk £ 2% —|v @IdNumlil @i @—7ZA° &
D KNumfi ®2fi ®@F A | <& ERROR:recoveryisinprogress ; €' J % “3 A°

71 @ DKNuafi @2fi @2 0fi' mfinPeen bk

postgres=# SELECTg_start_backup(now()::text) ;
ERROR: recovery is in progress

HINT: WAL control functions cannot be executed during recovery.

postgres=#

Y @A) Numll @ fi ®Z Ofi ' wafi NP P wn Pk - @ JDKNwafi ®afi ®
# pg_is_in_backup L A<t ofi' emfinPee=ck £|o™ % o
4°

72 @ DKNuafi @2fi @2 0fi' mafiNPeo= Pk—HVES

postgres=# SELECTg_is_in_backup() ;
pg_is_in_backup
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344 0fi ' emfi NP P o= PK<umfi ®2fi ®

ofi' mmfinP ees ek | smartz2d oV mafi ®@24fi ®
- =V 2 L oafi @2 fi ®

S@d | 2% 5F°0fi ' wmflinPees 6k rouafi ®@24fi @l
- | fastz > » e3 A

73 0fi' mmfi NP Ees Pk —uafi ®@2fi ®

@:IAQ

o' ey bpfi —evdaerondVE

-

a

A

postgres=# SELECTg_start_backup(now()::text) ;
pg_start_backup
0/A5000028

(1 row)

postgres=# \q

$

$ pg_ctl -D data stop ‘BHnsmart

WARNING: online backup mode is active

Shutdown will not complete until pg_stop_backup() is called.

waiting for server to
JOWN.ciiiiiie e failed

pg_ctl: server does not shut down

HINT: The " - mfast" option immediately disconnects sessions rather than
waiting for session - initiated disconnection.

$ echo $?

1

$ pg_ctl -D data stop -m fast

waiting for server to shut down....

done

server stopped

$

shut

© 2013-2017 Hewlett -Packard Enterprise .
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35 0mmi —R OO ¥ PJ

3.5.1 postmaster.pid

postmasterpid h Dwsi | ¢J 24Z2 ®N<-' ®242 -~ td v @ hOmi
200 -afi @21 ® - P % el @i ® - | td3Aa°¢ a°
e s ROl — | eafi ®2fi @= & Ao Yd = ™3 A %s
| RO -t = —k. veoIDL == ™3 A °postmaster.pid - % 3 1

- | D &« D ) src/include/miscadmin.h ~g LOCK_FILE_LINE * o ¥ «
% 1d=mqae

w S e

38 postmaster.pid h O wai —

1 postmaster k. % @ ID 10

2 ¢da9zd@nN-' @3ID—R®@

3 mfi ®2fi ®

4 pv4 LwD J

5 w Do &~ P oo o]

6 I pv4 L= )" @

7 System V o' d2—«¢28 1D 10

O - — - Y%V LDr =k. ¢ ®% -0 ™ 8 pg_ctlstatus
«v fird pg ctistop « v fi » | e YF°

74 postmaster.pid h O mmi —

$ cat data/postmaster.pid
15141
/home/postgres/data
1475205932

5432

ftmp

*

5432001 196608 $
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& R' ©> a2 external_pid_file

R' 02 =2 external_pid_file ~ h O mmi 3V |es" <1 L sRe L
A < @ postmasterpid h O mai - 4 = postmaster k. ¥ @— D& % 5 h 0w
%  td3A° Voo <8 external_pid_file # A VHhO e - 4 |
postmaster —k. ¥ @ ID w1t £A9%3 YV pg_ctl « v fi » | external_pid_file -3
Y £ ° postmasterpid h O wmi % 2D ) TWeee # td - <=
external _pid_file # td VhDmi | 8 2D ) -rw-rii rii # t 44 v Es
PostgreSQL —D2®@3% Al <%ERTAS

-—fi ®2fi ® - R' ©2 %> external_pid_file -~ tdVhO = % %%
o™ gl R LA

3.5.2 postmaster.opts

postmaster.opts h O =i | postmaster k. ¥ ® —R' 0> o A hO
- Z 8 mmfli ®2f ® - IJ||=|A9-ﬁQ°'|ﬁQ ~ L IJ||=1 Z=|=9-
fi @4fi ® Fl—hDwi - % q Yo ™ 8 wfi ®@afi @ | «' D

~0d3A°pg_ctistart « v fi > # td VR @3 40 % —3 5 RN

75 postmaster.opts h O wmi —

$ pg_ctlstart 'ED data

$ cat data/postmaster.opts

/usr/local/pgsql /bin/postgres "-D" "data”
$ pg_ctl stop

$ pg_ctl start

$ cat data/postmaster.opts

[ usr/local/pgsgl /bin/postgres

$

3.5.3PG_VERSION
PG_VERSION h Dwai | 842 5z ®n-' @22%|] voKi ¢ o

—¢dzd @o0ides” <] - - 1Y@ hDwi £A°
rloo dP2 O i td=™3A°9 A @ NTmmi EAY%E4D

ZoD®ON-' ®4) —hOwmi % 59 {<=fi ®2fi ®% Z%[8 4Dz @

-
—hDwi % 1< ¢ 2zD or £%000d3A0°

oide o™ <!
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76 PG_VERSION h O mmi —

$ cd /usr/locallpgsgl /data
$ cat PG_VERSION

9.6

$

3.5.4 pg_control

pg_control h O m=i | {PGDATA}/global ¢ o™ <1 ' td] 1 oP=mn’ Nh
O wmi 2 A 9 O wm i | 8 KB # A src/include/catalog/pg_control.h -
PG_CONTROL_SIZE # ° - % 34{e>] ControlFileData  #

t 4 = ™3 A src/include/catalog/pg_control.h @

€ pg_control h O wei —
pg_control hh O mmi — 0 | pg_controldata « ¥ fi » 3 V | — # A
| < %# %q A
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77 pg_controldata « ¥ fi » —

$ pg_controldata data

pg_control version number: 960

Catalog version number: 201608131

Database system identifier: 6335932445819631823
Database cluster state: in production

pg_control last modified: Fri Feb 11 12:55:16 2017
Latest checkpoint location: 0/9000098

Prior checkpoint location: 0/8000060

Latest checkpoint's REDO location: 0/9000060

Latest checkpoint's REDO WAL file: 00000001000 0000000000009
Latest checkpoint's TimeLinelD: 1

<< >>

Latest checkpoint's newestCommitTsXid:0

Time of latest checkpoint: Fri Feb 11 12:55:16 2017

Fake LSN counter for unlogged rels: 0/1

Minimum recovery ending location:  0/0

Min re covery ending loc's timeline: 0

Backup start location: 0/0
Backup end location: 0/0
End of - backup record required: no
<< >>

Blocks per segment of large relation: 131072

© 2013-2017 Hewlett -Packard Enterprise .

WAL block size: 8192

Bytes per WAL segment: 16777216

Maximum length of identifiers: 64

Maximum columns in an index: 32

Maximum size of a TOAST chunk: 1996

Size of alarge - object chunk: 2048

Date/time type storage: 64- bit integers

Float4 argument passing: by value

Float8 argument passing: by value

Data page checksum version: 0

P> o’ fi ded24z2e—ID—|eo 8  wali ®2fi ®
— B HVPeWmfiJ— 8 «fiRmmi — % 14 3A° pg_controldata
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cy iy — Yot { <249 8 pg_control | # Vb « Wafi J 23|} wafi @2 fi
e—ov>D e - % td340°
pg_control h 0 wmi — | — L e, <z L £%3 A 14 |- |

PostgreSQL 9.6 # tdlg =vo

39 pg_control

pg_control_checkpoint H VP o Wanfi | —

pg_control_init (fi Rl ~ t 4V —
pg_control_recovery Pee=tk 'opPl>
pg_control_system P> o’ fi 8o @vt+ ID

78 pg_control_system —

postgres=> \x

Expanded display is on.
postgres=> SELECT * FROM pg_control_system() ;
-[RECORD J +

pg_control_version | 960

catalog_version_no | 201608131
system_identifier | 6335932445819631823
pg_control_last_modified | 2017 -02-11 13:00:16+09

& Database cluster state
pg_controldata « ¢ fi » — Database cluster state ~ | — pg_control h
Duai % =™ 4¢22z>0n-' ®40— % 145A°
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40 Database cluster state

0 starting up —fi ®2fi ®]

1 shut down —fi ®cfi ®]

2 shut down in recovery Popl o —

3 shutting down

4 in crash recovery <t eerpnlopl
5 in archive recovery Tkl os2e T

6

in production

unrecognized statuscode | ®v D = @ pg_control

& Database system identifier

Database system identifier ~|® edazd>en-' @add -~ A
D % 1434 0 = 64f b sy — |edazden-' e
p! -1l tAl i< Nl g3 @0 P oFfianT k' 220 T
|81 —ID% #Nefed=zd>e@en-' @40 # F43A4°3V8 WALHO uem
i — —K. Pe - L} — A t 4 3 A XlogLongPageHeaderData
o1d -4 o e>22z2 e— WALh Dwmi & =l opl o AL <
L 1 <%EKRFAO
Database system iden i fier | -2~ |4 o 4 == ™3 A
BootStrapXLOG °
79 BootStrapXLOG src/backend/access/transam/xlog.c
uint64 sysidentifier;

gettimeofday(&tv, NULL);

sysidentifier = ((uint64) tv.tv_sec) << 32;
sysidentifier |= ((uint64) tv.tv_usec) << 12;
sysidentifier |= getpid() & OxFFF;
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S8OWAL h O wmi — src/include/access/xlog_internal.h

/*

*/

{

* When the XLP_LONG_HEADER flag is set, we store additional fields in the
* page header. (This is ordinarily done just in the first page of an
* XLOG file.) The additional fields serve to identify the file accurately.

typedef struct XLogLongPageHeaderData

XLogPageHeaderData std; /* standard header fields */
uint64
uint32
uint32
} XLogLongPageHeaderData;

xlp_sysid ; /* system identifier from pg_control */
xlp_seg_size; /* just as a cross - check */
xlp_xlog_blcksz; /* just as a cross - check */

3.5.5 pg_filenode.map

pg_filenode.map h O wwi | {PGDATA}global ¢ =" <1 ' %4128 eD 247> @

-
o -

J

i

-

1] 0Pt NhOmml 2A°9 h Dl — 0wt | 512 P e

2A° | —NDwmi ~ | 8 —o ®@YFrNo a4, ~—OID< 8 —hDmi 4
154 % td=m™3a°  hodwv e, | RelMapFile £ g d=
4°
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81 h ¢ > % eJ src/backend/utils/cache/relmapper.c

typedef struct RelMapping

{
Oid mapoid; /* OID of a catalog */
Oid mapfilenode; /* its filenode number */
} RelMapping;

typedef struct RelMapFile

{
int32 magic;  /* always RELMAPPER_FI LEMAGIC */
int32 num_mappings; /* number of valid RelMapping entries */
RelMapping  mappings[MAX_MAPPINGS];
pg_crc32c crc; /* CRC of all above */
int32 pad; /* to make the struct size b e 512 exactly */
} RelMapFile;
— P ouml magic | 0x592717 5842711 #A° — Pwml m¥ PH
fia— % 1d348° — | —¢d 4z @Nes" <] — N O -
i — Z A9

82 pg_filenode.map h O mmi —

$ od -t u4 pg_filenode.map

0000000 5842711 15 1259 1259 b 15— «fiJ !>
0000020 1249 1249 1255 1255 b OIKD O i g e
0000040 1247 1247 2836 2836

0000060 2837 2837 2658 2658

0000100 2659 2659 2662 2662

000QaL20 2663 2663 3455 3455

0000140 2690 2690 2691 2691

0000160 2703 2703 2704 2704

0000200 0 0 0 0

*

0000760 0 0 983931237 0O b CRRe-fi=
0001000
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${PGDATA}/global ¢ =~ « J ' ~ Ne| pg_filenode.map ~ | —vD2Ki % 34

—u
>

pg_pltemplate

pg_pltemplate_name_index

pg_tablespace

pg_shdepend

pg_shdepend_depender_index

pg_shdepend_reference_index

pg_authid

pg_auth_members

pg_database

pg_shdescription TOAST ¥ D K i & TOAST wafi ¢ £« @4 5
pg_shdescription_o_c_index

pg_database_datname_index

pg_database_oid_index

pg_authid_rolname_index

pg_authid_oid_index

pg_auth_members_role_member_index
pg_auth_members_member_role_index
pg_tablespace_oid_index

pg_tablespace_spcname_index

pg_db_role_setting TOAST ¥ D Ki 8 TOAST wafi ¢ £ « @ 5
pg_db_role_setting_databaseid_rol_index

pg_shseclabel TOAST ¥ > Ki 8 TOAST wafi ¢ 2 - @ 1
pg_shseclabel_object_index

pg_replication_origin

pg_replication_origin_roiident_index

= =4 =4 -4 -4 -4 A -4 A - -4 -8 -5 - -8 -5 -8 -4 -8 -5 -2 -2 -2 -2 -2 -

pg_replication_or igin_roname_index

¢d22zd>@nes" <« ~Nef pg_filenode.map - | —vO2Ki % 343
pg_class

pg_attribute

pg_proc TOAST ¥ D K i 8 TOAST wafi ¢ £ - @ 5

pg_type

pg_attribute_relid_attham_index

= =4 4 -4 -
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pg_attribute_relid_atthum_index
pg_class_oid_index
pg_class_relname_nsp_index
pg_class_tblspc_relfilenode_index
pg_proc_oid_index
pg_proc_proname_args_nsp_index

pg_type_oid_index

=4 —a - -—a —a _—a _a -_a

pg_type_typname_nsp_index

106
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36K. Pe—hodwv Py

361 K. pe<dD ®

PostgreSQL ~ %1 /O | Ke e« % 4309 K. £ e—0mmx] z 8
KBzA° 1 — &  A{V E-| s srclinclude/pg_config.hs —s #define BLOCKS Z
8192, 4 o= (fiRmmi % #A%K. B« ~ | dd 0% 14 =™3A%s

— PostgreSQL 2| K. e-r- dd)orof{V EsK. e-<dd et —2%
L_< el <%#z%qA°K. v 030 | hOws ~ 131,072 AL <
Y%#E % A° ¢ AN Dumi %! —Ommix 8KB x 131,072=1GB & 41{< o™
hO el ¥% td 3491 — | pg_confighh O mai — RELSEG_SIZE v «. #
t=myac

ddor | d>0Zes<dd)0 — 2AKi +—Wafi 2% 19 53A° = um
Y Wefi 2| 80D 0 —aki— & ogA9a4ki | ddoe— %[dAd o—

- 1= tdg00 2+ wm¥ b Waafi 2| D 0Z e b—  %[dD o—

- 1= iqgac

90> o—
das e

a> oezZes
-—vrw_fimo]
" mm¥ F Wafi 21
a ki #1
» ok i #0
dad> eZe s | 85 srcf/include/storage/bufpage.h s — PageHeaderData #

=
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83 PageHeaderData

{

typedef struct PageHeaderData

/* XXX LSN is member of *any* block, not only page - organized ones */
PageXLogRecPtr pd_Isn; /* LSN: next byte after last byte of xlog
* record for last change to this page */

uint16 pd_checksum; /* checksum */

uint16 pd_flags; I* flag bits, see below */
LocationIndex pd_lower; [* offset to start of free space */

LocationIndex pd_upper; /* offset to end of free space */

LocationIndex pd_special; [* offset to start of special sp ace */
uintl6 pd_pagesize_version;

Transactionld pd_prune_xid; /* oldest prunable XID, or zero if none */
ItemldData pd_linp[FLEXIBLE_ARRAY_MEMBERY]; /* line pointer array */

} PageHeaderData,;

41 PageHeaderData

pd_Isn Log Sequence Number

pd_checksum HVYEeOF 9.3#

pd_flags h' -

pd_lower a>e — % —

pd_upper a>e — % —

pd_special d>e —ed-" i ©dd &—

pd_pagesize version |dD N O wmix< PD ©" fi

pd_prune_xid aro #lp<l m™s 4 k=g

™ XMAX  © sotd pe. ®

pd_linp][] " ¥ b Wafi 2
3.6.2 ak i

ki T o« — | 86 ok Z e bhos NULL f BJ ¥ EKos D 2o ¥

td=™3 A9 aki Ze b | 8 srclinclude/access/htup _details.he # t 4 =™
A° aki Zeb —theap| 8. ' fim-o i — % 14 3A°NULL
feiwvek| thitshadi)r tdlgA0

108
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84 HeapTupleHeaderData

struct HeapTupleHeaderData

{
union
{
HeapTupleFields t_heap;
DatumTupleFields t_datum;
} t choice;
ltemPointerData t_ctid; / * current TID of this or newer tuple (or a
* speculative insertion token) */
/* Fields below here must match MinimalTupleData! */
uint16 t_infomask2; /* number of attributes + various flags */
uintl6 t infomask; /* various flag bits, see below */
uint8 t_hoff;  /* sizeof header incl. bitmap, padding */
[xnN - 23 bytes - ~*/
bits8 t_bits[FLEXIBLE_ARRAY_MEMBER]; /* bitmap of NULLSs */
/* MORE DATA FOLLOWS AT END OF STRUCT */
%

85 HeapTupleFields (t_heap)

typedef struct HeapTupleFields
{

Transactionld t_xmin; /* inserting xact ID */

Transactionld t xmax; /* deleting or locking xact ID */

union
{
Commandldt_cid; /* inserting or deleting command ID, or both */
Transactionld t_xvac; /* old - style VACUUM FULL xact ID */
} t field3;

} HeapTupleFields;

© 2013-2017 Hewlett -Packard Enterprise .
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42 HeapTupleFields

t_xmin INSERT ¢ 4 v XID

t_xmax DELETE t 4 v XID 0/ROLLBACK L
t_cid DELETE t 4 Vv « v fi » ID

t_xvac VACUUM # tdvePo o

ok i — txmin,t_max h=2i » |8 XMIN &8 XMAX ~ o3 A

© 2013-2017 Hewlett -Packard Enterprise .
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37, ' fime- T ID—

371 J' fimeo THi ID

PostgreSQLZ | ' fim-- "fid A< o' fim--Tfi D% 14
3 A txid_current z sy ' fimeo "fi ID— %1 | 0321 e ZEA
src/include/c.h # o wOKi —aki % td{<se akizZesr| -
Vi'fi@eoTfilD% 1d38°1— |9 — LA

«—

< %# Yoq A°

J ' fimeo Tfi ID—

e

vOKi  —aki - A" fim--"fi ID| XMAX® XMIN LA
<% 2 %3 A9XMIN | 2ki % 14V INSERT 5 Vv | UPDATE ~ ||
)P fimee T IDL o3 A9 XMAX | tdVvaki—s ' fimeoTfi ID#
A°l —v E oaaki —XMAX | 0-rad34° — #| C1=300— # XMAX
% 0— A% 14| Jlfimes Tfive DiPEetdVisd ogA0

86 aki —) ' fimeeo Tfi ID

postgres=> SELECT XMAX, XMIN, c1 FROM dhta

Xxmin | xmax |cl

+ S —
507751 0] 100
507752| 0]200
507754 | 0]400
507755| 0]500

507756 | 507757 | 300

(5 rows)

8 J'fimeo THfi ID—

P fimee T ID | 0 o32f e — Yrd [ =2ds - =3 A°

eYoo —u ' fimeo L Ao @vrz| 32 e L ™ yA % No

d38°1—VvE'fimecTfilD¥% o=l % oo™ % 4=

™3 A9/ o | - ™ 'fim--"fiiDLd o  FrozenXID=2 -~ A

L<#EA?

|- | FREEZE < rde | VACUUM 2 Ti3A°v0K
111
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I - o= R! © D 2 D autovacuum_freeze _max_age i vacuum_freeze _min_age #

4] - lfimee T As<s VACUUM ¥  # L FREEZE %
s3 A° VACUUM | K. e <3 Visibility Map & [ = =3 A°
Freeze Z A = # Visibility Map & -3 A% R' 02 a0
vacuum_freeze_table_age # vt fimee Tfi % 14 <e Visibility
Map ¥ |- Freezet 4| = ™Mo ™K. e er o= & ™3 A0
vOKi —h' 2 x <o ' fimeo Tfi ID |8 pg.class o a. = —
relfrozenxid ~ # td=™3A° 1 — |¥d2Ki — XMIN — %A
FrozenXID & o 9 3 v pg_classo =. = — relfrozenxid — ¥ pg_database

3. = — datfrozenxid # £%qA°

8 VACUUM %o =V
Y»—  # FREEZE % g o % V s, fim--"fi I D— 5%
- 1000 £ {< -—oce¥d0% tdgAc
87 ' fimeo T —

WARNING: databasd™ postgresA must be vacuumed within 9999999 transactions
HINT: To avoid a database shutdown, execute a database -wide VACUUM ir

" postgresA .

- 100 J'fim-o Tfid < — =%  tdee evit | “3 A0

88 ) ' fime- THi —<'0>

ERROR: database is not accepting commands to avoid wraparound data loss in
database ' postgres A

HINT: Stop the postmaster and use a standalone backend to VACUUM in
I postgresA .

L —|eo - [VedazDd @] @afire. fin:2d 2 =8 VACUUM
A mg A0 — # | postgres¢ D 2z > @~ = VACUUM AL o= ™
34°
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89 @=fid=u finz2dsr [ < VACUUM

$ postgres -- single -D data postgres

PostgreSQL stand alone backend 9. 6. 2
backend>VACUUM
backend>

372 FREEZE ~ A{R' ©> 2>
J'fim--"fi I D-—FREEZE - A{R' ©®2 4> — 4240

€ autovacuum_freeze _max_age

J'fimee Tfi ID—- 4 v E- pg_classrelfrozenxid % = # % —
age 4 =g A° VACUUM % —  # Ls VACUUM : > odnk. ¥
®% -3 A°ehOi s | 2 200000000 #A?° | 1 100,000,000 @

| 20 2,000,000,000 # A °®

€ vacuum_fr eeze_min_age
VACUUM %%>Ki @¢' fi . ' fim-c "fi IDL FrozenXID - % 4o
Pl oh 4 3 A°ehoi s | 5000 50,000,000 #A° | 0%t

autovacuum_freeze_max_age — 50%q # — 4 £ %3 A°

€ vacuum_freeze_table_age
v > Ki — pg_class.relfrozenxid ¥%. — # . - A <& VACUUM |

IF4 ~ed>Ki — 4 ™s FREEZE L ™3 A9 ehOI s | 15
150,000,000 # A °© | 0o % | 10 1,000,000,000 3 V |

autovacuum_freeze_max_age — 95%A # — 4 #%q A°

PostgreSQL 9.3.3 | —R'02243% g -voviny fimeo’

fi ID Multixacttd <h' 2%~ A{R'o0d22a422A% | 2A°

1 autovacuum_multixact_freeze_max_age
vacuum_multixact_freeze_min_age

vacuum_multixact _freeze_table_age
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38. @21

381l. eDdi < «fi ¢« D¢ fies—

¢ROT J— rDi | initdb « v fi » —filocale R' ©2 ~D # =3 A9 -
locale R' ©2 4>~ «fi ¢Deofial Af<sehoi,—«ficdesfiarn
1340

90. 0di <=, 031 < afiedenfied

$ export LANG=C

$ initdb -- locale=ja_JP.utf8 data

The files belonging to this database system will be owned by user "postgres".
This user must also own the server process.

The database cluster will be initialized with locale "ja_JP.utf8".

The default database encoding has accordingly been set to " UTF8

initdb: could not find suitable text search configur ation for locale
"ja_JP.utf8"

The default text search configuration will be set to "simple".

<< >>

o D . 20—y =V [ 8. »21 —ehoi Jn«fi «d) %
tdlgAs *di<e=jalPd A< «ficdr< o= EUC EUC_JP

Y8 tdlgA0

91. 0D g o=, 6Dl  —q
$ export LANG=en_US.utf8
$ initdb -- locale=ja_JP data

The files belonging to this database system will be owned by user "postgres".

This user must also own the server process.

The database cluster wi |l be initialized with locale "ja_JP".

The default database encoding has accordingly been set to " EUC JP
initdb: could not find suitable text search configuration for locale "ja_JP"
The default text search configuration will be set to "simple".

<< >>
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.o »o i SMe «fi «3eafia—q =V 8 pg_database © 2. = —
encoding | tdlq A%s. 20 datcollate - |s Co% 14 3A°
92. oni 4 Y «fi «2e=fie—q
$ initdb -- no-locale -- encoding=utf8 data

The files belonging to this database system will be owned
This user must also own the server process.

The database cluster will be initialized with locale "C".

<< >>

by user "postgres".

The default text search configuration will be set to "english".

postgres=> SELECTatname, pg_encoding_to_char(encoding), datcollate FROM
pg_database ;
datname | pg_encoding_to_char | datcollate
+ S

templatel | UTF8 |C

templateO | UTF8 |C

postgres | UTF8 |C
(3 rows)

— 8 LANG ~ ja_JPutl8 & v = ~21 { initdb « ¢ fi » —

<edaAzd) @ON-' @AD—. DI —

Lﬂg I:ETM=|A9

43initdb « v fi » —. @D i

initdb « v fi » NR' ©2 = Ic_collate Ic_ctype encoding
O e ja_JP.utf8 | ja_JP.utf8 UTF8

--locale=ja_JP ja_JP ja JP EUC_JP

--locale=ja_JP A encoding=utf8 initdb « ¥ fi » <>

--locale=ja_JP.utf8 ja_JP.utf8 | ja_JP.utf8 UTF8

--locale=ja_JP.EUC_JP i encoding=utf8 initdb « ¥ fi » <>

--no-locale C C SQL_ASCII

--no-locale fi encoding=utf8 C C UTF8

© 2013-2017 Hewlett -Packard Enterprise .
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& jaJP. 2D - |H|
« *2i jaJp & -V eda4z) @F | — % rod3Ac
T « i hozes~ A upper lower

upper s lower % =i hozeszl #z%{|le-~odga°
% otV # tdg3A°. 221 0 e—ed2zD 0% | | 743

S

93 upper / lower

postgres=> SELECT upper(‘a’), lower('A"); o ~ A upper/lower

upper | lower

A Ja
(2 row)
postgres=> SELECT upper(" '), lower(" W ~ A upper/lower

upper | lower

T money ~ A £ ¥Dde—
psql « v fi » Y- money — & A{<sedaa - % tdlg
A° Voo — 8, 230 —edazdezlsedazooen-' @4d%

»D i 2 td=ma™ | )i $ ~od3A¢0

94 money

postgres=> SELECT 100::money ;

money
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