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1.6 - 44 a %}
- | A°d7" PJNRE=DY $|N9—‘|=|z=|=9=|\/
— ™o b4 o v - = M= % | | L gy
- A e 8o - = M= | A 2" PJNReEOD) vt
@) «figi we fi noriyoshi.shinoda@hp.com 5 #% [y 0 o
¢ ™o
1.7
1.7.1 —
02 a4y v ow= o dfusd c=mas
— AL o3 A0
3
{999999} - 16495
{9} - 1
{ARCHIVEDFILE} ") UK. 2N O el 0000000100000000000000A8
{ARCHIVEDIR} LR BRI (G ¢ o /opt/PostgreSQL/9.4/arch
i
{BACKUPLABEL} |P e <= £k - t 4 { | pg_basebackup base backup
b
{BGWORKER} < @2+ Worker K. ¥ @ custom_worker
{DATE} 2015-01-07
{HOME} psql « ¢ fi » * D@D —v D |/homelpostgres
Fnee™ <!
{oID} — OID 12993
{INSTALL} PostgreSQL mmfi ®J D1 N ¢ o /opt/PostgreSQL/9.4
.y
{PGDATA} ¢d3zd@N~' ®a 4" |/opt/PostgreSQL/9.4/data
-«
{PGDATABASE} ¢D24ZD0 @ demodb
{PGUSER} o@D demol
{PID} k. ¢ ®ID 3468

12
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3
{PORT} LwD J 5432
{RELFILENODE } |¥2Kir A{hO =i 16531
8 pg_class: 2. = —
relfilenode r~
{SLOT} "k o Tfine. e slot_1
{SOURCE} R' ©2 2> —% ..
{SQL} — SQL SELECT * FROM tablel
{TABLESPACEDIR} |¥ 2 K i ¢ o] lopt/PostgreSQL/9.4/ts1
{TCP/IP (PORT)} «! wmt fi) — TCP/IP = 5" 192.168.1.100(65327)
®< wd )
{VERSION} Py o’ fi 9.4
{WAL FILE } WAL h O e 0000000100000000000000B0
{WALOFFSET} WAL o h ¥ ¢ J 5225832
{YYYYMMDDN} hodw e 201409291
${ } % td{ s ${PGDATA}
A
1.72 —
- | «vfiyd sQL — % g4d3a° | — # = Mg
A 9
4 —_
# Linuxroot © D@2 —Kk. fi k|
$ Linux "o2m@mD —k. fik.
"o@d % A
postgres=# PostgreSQL % A psglk. fik
postgres=> PostgreSQL "o2®@2% A psglk. fik !
backend> ®afiye. finz2ds—k. fik.
13

© 2013-2015 Hewlett -Packard Development Company, LP.




7

2. k. t@<woz ' D

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 o= Mg Ao
1K. % @—

¢D424zD>enOdP>D

Instance

[postmaster J<::|
logger /

p
[wal writer ] stats ]
L
pu—
archiver postgres
)

postgres
Rasndel
postgres
— #| k. ¥ ®1D2680 % postmaster k. ¥ @~ 64 3A9/ — —h O i
| A== postmaster k. ¥ ®@— k. ¥ ®% Nef| | < %% 5 A° postmaster k. ¥
| ' mm fisYef— L 1= L msgQL L A K. ¥ @< o=

postgresk. ¥ @4 e3 A°

2A==—Kk. ¥ ® <o postgres k. ¥ &L o # postmaster < F# ™3
AQ

14
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1Kk. ¥ @ —

$ ps -ef| grep postgres |grep -v grep

/opt/PostgreSQL/9. 4/data

postgres 2681 2680 0 10:257? 00:00:00 postgres: logger process
postgres 2683 2680 0 10:25? 00:00:00 postgres: checkpointer process
postgres 2684 2680 0 10:257? 00:00:00 postgres: writer process

postgres 2685 2680 0 10:257? 00:00:00 postgre s: wal writer process

process

postgres 2680 1 010:257 00:00:00 /opt/PostgreSQL/9. 4/bin /postgres

postgres 2686 2680 0 10:25 ? 00:00:00 postgres: autovacuum launcher

-D

212 k. ¥ @< o ni

—fi ®fi @t A{Pe. «fi)nk. ¥ @ —oapid A1 <2

co T Y| <%EHIAO L L E| M= Y—o - gi d -V

- = ™= «:ETM=1 Ao

€ SIGKILL o = gi

postmaster k. % % KILL o = gi d& . - k. v el E
¢ ®@¥s -3 A9 | — r~ postmaster.pid h O mai | EEDE =
| — 2% 13 5A% -fi @24fi ® | - eq A

2 — . ®

K.

-

LOG: redo starts at O/ED6FF748
LOG: record with zero length at 0/EE15C6C8
LOG: redo done at O/EE15C698

LOG: autovacuum launcher started

LOG: database system is ready to accept connections

LOG: database system was interrupted; last known up at 2015 -01-08 11:25:05 JST

LOG: database system was not properly shut down; automatic recovery in progress

LOG: last completed transaction was at log time 2015 -01- 08 11:25:54.336557+09

postgresk. ¥ ®% KILL = =~ gi & A< A k. ¥ @% Ao 2
008 «' wafit Vel 1V vee Tfin vesirdqA0 o mmefis<—

| 149 L% — ' fimee Tfi|.0iPRetdeo - gl

—SQL | A==« >2r-0d3A9 postgresk. ¥ el - I
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pg_cancel_backend
SIGTERM o =~ gi 4 AL

BKILL - @& 7 — ®

SIGINT o = pi 4

8 3V | pg_terminate_backend

@ﬁAg

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

9: Killed

and possibly corrupted shared memory.
HINT: In a moment you should be able to recon

your command.

LOG: terminating any other active server processes
LOG: archiver process (PID 3404) exited with exit code 1
WARNING: terminating connection because of crash of anoth

LOG: all server processes terminated; reinitializing

current transaction and exit, because another server process exited abnormally

er server process

DETAIL: The postmaster has commanded this server process to roll back the

nect to the database and repeat

Pre «fidinke ¥ %0 ~pi d i — | — 4 #A¢9
SIGIGN | o = gi 8 SIG_DFL | Linux k. ¥ @—ehoi J — L ~3A¢9
M postgresk. & @—- =~ i -

postgresk. ¥ @—o = gi — — 4#A°

5 postgresk. ¥ @—

o g tfisr'o

SIGHUP SigHupHandler hO i — T 7

SIGINT StatementCancelHandler —fimeo i —
pg_cancel_backend —

SIGTERM | die J P fimes T <k. ¥ ®
pg_terminate_backend —

SIGQUIT quickdie

SIGALRM handle_sig_alarm )t = P

SIGPIPE SIG_IGN

SIGUSR1 procsignal_sigusrl_handler

SIGUSR2 SIG_IGN

SIGFPE FloatExceptionHandler ERROR. =

SIGCHLD SIG_DFL

© 2013-2015 Hewlett -Packard Development Company, LP.
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1 autovacuum launcher k. % @—o = i —
autovacuum launcher k. % @—-° = i — — d4#£40-°
6 autovacuum launcher k. % @—
o a g tfir'o
SIGHUP avl_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 = g1 — — 4zA°
7 bgworker k. % @—
o a g Lfis' o
SIGHUP SIG_IGN
SIGINT StatementCancelHandler — ' fimeo i —
SIG_IGN
SIGTERM | bgworker_die FATAL <! 2. =~ —
SIGQUIT bgworker_quickdie
SIGALRM handle_sig_alarm Y —t = P
SIGPIPE SIG_IGN
SIGUSR1 procsignal_sigusrl _handler Fopl
bgworker_sigusrl_handler latch_sigusrl_handler Lo
SIGUSR2 SIG_IGN
SIGFPE FloatExceptionHandler ERROR. =
SIG_IGN
SIGCHLD SIG_DFL
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7

T writer K. ¥ ®@—° =~ i —
writer kK. % ®@—o = gi — — 4#A°
8 writer k. ¥ @—
o a g Lfis'o
SIGHUP BgSigHupHandler hO i — T
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
SIGWINCH | SIG_DFL
M checkpointer k. & ®@—o = gi —
checkpointer k. % @—o = gi — 4zA¢9
9 checkpointer k. % @—
o g Lfis'o
SIGHUP ChkptSigHupHandler hO - — 1
SIGINT ReqCheckpointHandler HWE e Wamfl J — | « €4 @)
SIGTERM SIG_IGN
SIGQUIT chkpt_quickdie
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 chkpt_sigusrl_handler latch_sigusrl_handler Leoi
SIGUSR2 ReqgShutdownHandler WAL —«. D <
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGWINCH | SIG_DFL

18
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checkpointer K. ¥ @~ SIGINT = gi & A <s nve e wefi J % ¢4
30° Vool — | R' ©2 = > log_checkpoints & on - o=l % 1
3 Y +9 pg_stat_bgwriter ¢ * 3 | tdg340

7 statscollector k. ¥ @—o = gi -
stats collector K. ¥ @—-c = gi - — 4#as

10 statscollectork. ¥ ®—

o & i tfisr» D
SIGHUP pgstat_sighup_handler hO i — 7 7
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 K. ¥ ®@—o = i —
postmaster K. ¥ ®@—o =~ gi _ _ =|$Ag

19
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11 postmaster kK. ¥ @—

o a g Lfis'o
SIGHUP SIGHUP_handler D - — T 7

K. % @ SIGHUP o = gi
SIGINT pmdie FAST o * B J b pfi
SIGTERM pmdie SMART o * B J b Bfi
SIGQUIT pmdie IMMEDIATE - * 2 J & pfi

SIGALRM handle_sig_alarm Yt = P

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. ¥ ®~ SIGHUP - = i & A < @ postgresgl.conf i O mai —

1 1% Fid34A° 14| pg_ctireload « v fi » — < 0ZA° — ~ %
i ER
4 hO el — T T

LOG: received SIGHUP, reloading configuration files

M startup k. % @—o = i -
startup k. % ®@—o = qi — — q4za°
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12 startup k. ¥ @—
o a g Lfis'o
SIGHUP StartupProcSigHupHandler NO 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 Popl 4 W ®adr- k. 2D
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
M loggerk. % @—- =~ gi —
loggerk. % @—o ~ gi — {#2A°

13 loggerk. ¥ @—
o g Lfis'o
SIGHUP sigHupHandler hO i — 7 T

. - <¢c” <!

SIGINT SIG_IGN
SIGTERM SIG_IGN
SIGQUIT SIG_IGN
SIGALRM SIG_IGN
SIGPIPE SIG_IGN
SIGUSR1 sigUsr1Handler e a—. D¥do i
SIGUSR2 SIG_IGN
SIGCHLD SIG_DFL
SIGTTIN SIG_DFL
SIGTTOU SIG_DFL
SIGCONT SIG_DFL
SIGWINCH | SIG_DFL
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T walwriter ko % @—o = i —
wal writer k. § @—- = i — — d#a>

14 walwriter kK. ¥ @—

o a i tfiy» >
SIGHUP WalSigHupHandler hDO i — 70T
SIGINT WalShutdownHandler

SIGTERM WalShutdownHandler

SIGQUIT wal_quickdie

SIGALRM SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 walwriter_sigusrl_handler latch_sigusrl_handler Loy

SIGUSR2 SIG_IGN

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

M archiver k. & @—o = gi —
archiver k. % @—o = gi _ _ =|$A9
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15 archiver k. % @—

o & i tfisr» >
SIGHUP ArchSigHupHandler hO - — 70T
SIGINT SIG_IGN

SIGTERM ArchSigTermHandler

SIGQUIT pgarch_exit

SIGALRM SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 pgarch_waken "D O K

SIGUSR2 pgarch_waken_stop = D O wmK

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

213 k. ¥ @

PostgreSQL wafi ® 2 fi @ | - 4 —k. v@%|F td3A°ps cvfi
# oV k. ¥ @— | — 4 -ro0d3a°R' 02 2>
update_process_title 4 on At s#2k. ¥ @ — Ys -3 A ehoi
on @

23
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16 k. ¥ @

k. ¥ ® ke ¢ ®

postmaster {INSTALL}/bin/postgres -D {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: {PGUSER} {PGDATABASE} {TCP/IP (PORT)} {SQL}

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

wal receiver postgres: wal receiver process streaming {WAL FILE }

startup process

postgres: startup process recovering {WAL FILE }

o= TM-” | <4

Al <

bgworker postgres: bgworker: {BGWORKER}
214 k. % @— <

checkpointer & writer 8 stats collector K. % ®| - td349/ — —k. ¥ @
- — ot fi = | — 4 #A° postmaster — k. ¥ @] - k.
¢ @% Ne| postmaster k. ¥ @— L we « -=24 8 postmaster k. ¥ ®¥%

ke v @k g4

24
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17 k. & @—

ke ¥ ® — o - fi ~

logger R' 02 = logging_collector = on — - ¢hoi
off

autovacuum launcher R! © D 2 D autovacuum =on — - ¢+hoi J on

autovacuum worker autovacuum launcher k . & @ 3% R o 2 o
autovacuum_naptime  # 4V ehoi 1 #

8 % A<

archiver R! © D 2 D archive_mode=o0on — - ¢ hoi J off

postgres (local) o - fis—. Do - 8 -

postgres (remote) o - fis =T 20 - 8 -

wal sender nNe) ' Dkfian™ k' »20 T — ¥ ®94D N umfli ®2
fi @ ° @ DKNwali ®=fi ®% <=0 < 8

Al < °

npg_basebackup « v fi b - [P e = 2k -~ 8 A
{=

wal receiver ® "OFfian" k' 2o T — @ D KN umfi ®-aifi
LE oy @D Nmmfi ®=Ti ®% A< - o
v 24D Nuufi ®21fi ®% 14 <

startup process ® "OFfian" k' »2o T — @ D KN umfi ®-aifi
oF

wal writer Tk oo T — @ DKNwfi ®2fi @2 | =0
we s #| -

bgworker o @drnk. ¥ @— |4 % A

€ autovacuumworker k. % @

autovacuumworker k. ¢ ®| ¢ k. ¥ ® %[ { |e-ed2z0 0 2 t
W t 4 | R' ©> = > autovacuum_max_workers ¢ h 0 i J 3
£ 393A° worker k. ¥ @] D> Ki # L Mg Ao

€ postgresk. ¢ @

< e fis % A< ~ postgresk. ¥ ®% <3 A° postgresk. ¥ @
- | R' ©> 2> max_connections ¢ hoi s 100 r td 340
SUPERUSER L Vo™ “HO@md % # %4 | e max_connections -
superuser_reserved_connections ¢ h ¢ i 39— - o=| 3A° 1L — 4
A %Ne| < — =% 143409
25
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5 Tom)—

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

FATAL: sorry, too many clients already

© 2013-2015 Hewlett -Packard Development Company, LP.
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22wz ' >

2.2.1 PehO

PostgreSQL | K. £« —«¢' po = dy PehOgs< oz '0D - -8
—Pe.«fidnk. ¥ @ # =3 A ° PostgreSQL wafi ® 21 fi ®% A
PEh,D|BSystemV Shared Memory  shmget- ®v F « D i <o: ' Dy ek
hOwai mmape @vr 30 % 1d34° kK. ¥@ # = A

< -

E—. e« | SystemVivho% 1d34° A’ mefii®n -
Livponees— | sdq54

7 Peho-—

$ 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 1969286 post gres 600 17
0x00530206 19202055 postgres 600 17
0x00530207 19234824 postgres 600 17
0x00530208 19267593 postgres 600 17

------ Message Queues-------

key msqgid owner perms U sed bytes messages
—fi ®2fi ®@% Ase Peho#%|fd ¥vho% [ =c3el <%Ne
43 A% -fi ®@afi @— | - w340

27
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2.2.2 PehoO-—

Linux ~ %31 { System V Shared Memory | & shmget- @v+ «2i & [ =
=3 A ° System V Shared Memory — -|lever # O« SO mmid
A %N qaced | - L j=  3d3n°a2% -
14 =™ F| 8 Lefie! 0fiitYoWE % L o3A0L — R
® « D » src/backend/port/sysv_shmem.c — PGSharedMemoryCreate #
== TM=| A °

«> =R' 0> 2 port*1000 + 1

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

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

include/storage/pg_shmemh —OwmziZ2A9 $I2Ki d ufi ¢ 0 ® t 4
] PehO— |80z " Dvek)hOmi mmape ®@vr i %
t 43 4° mmap # tdJo0:"2 —Owmz| 100KB - 8 R' 02 220 %
[ Ak <V =043 A9 Windows # | ® CreateFileMapping -
evi «di ~ | o: "' o4 -3 A src/backend/port/win32_shmem.c ©

2.2.3 Huge Page

o' 24 oV linux#]|o:'> & AV E- HugePaged

At < %% %3 A ° Huge Page 4 — | PostgreSQL9.4 — 2N sR' o

> = huge_pages~ |} t 4 3 A9 HugePaged A —dD ONO wmit | 2
MB#A 2x 1024 x 1,024P mmi ¢ HugePaged A 8 R

0z "' D —0 wmit| L -~ 2MB - -~ 14 ¢ mmap - v «Di -

MAP_HUGETLB v -. % 14 3A°

& R'o0dad
PostgreSQL % A 0z " d< o= Huge Page A{-|®R' 022>
huge_pagesd o3 A0

28
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18 R' o> 2> huge pagesr £ %

R° 02 =)

on Huge Page & A

off Huge Page & en ™

try Huge Page— & <8 ad [ e |ehoi |

ehoi s —tryd A{<e&mmap: @v+ «di - MAP_HUGETLB ¢ -. 4
== o- "' o4 ~=>||-€S<=>=|A9 - Y, |8 0oz Hd

MAP_HUGETLB v «. &  ~= 309 —R' 0d>=adLon- A<
~ Huge Page 4 ~3A0°k' 2JhoDF ¥% Huge Pagedowd 4 <= ™y ™
spg_ctl « v fi » | —< S2noe¥d ol o= mafl @24 @] £ %3 Y

+9

FATAL: huge pages not supported on this platform

€ Huge Page —
Linux # Huge Page & A~ | o2ti nR' ©d a4 vm.nr_hugepages
2 MB —dd>o -— L 3A°% —R'0@dad—ehoi s | 0zA®
— Huge Page — | & /proc/meminfo h O i 4t oq A9

8 Linux — Huge Page

# 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

#

29
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R!
%o ™ 8 — <\ 2% oz fi @afi @  #%g T Eo

® D 2D huge_pages=on it =V Zumfi ®@24fi @ - add 0%

9 Huge Pagedd> © «' >

$ pg_ctl -D data start

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_buffers 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 /mmanh -  — %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 |,'=
td3A°02£i nR' ©2 2 vm.nr_hugepages r | — L2 -~ 4 -
= eqA°
o 0o: ' 2d-— L v E-]sR' ©d 2> log_min_messages -
DEBUG3 &  c= wmfi ®@=fi @ <5A°. = —0rp¥>0% 1434°

10 oz )

DEBUG: invoking IpcMemoryCreate(size=148324352)

30
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224 34 ho
tvho|Pe-«fidnk. @ ' s0@ &£ . e. -V E- t
4 = ™3 A 9PostgreSQL # | mafi ®2fi ® - —R'oedaAd%| 14V

—%¥vho ¥ 14340

v ho -
Pre «fi ) =
max_connections + autovacuum_max_workers + 1 + max_worker_processes
¥ ho = CEIL( Pee «fiy /17+1)

¢v ho ~| 17 —%¥vho% 143 A° RedHatEnterprise Linux6 —
8%y ho —odtinR' @da—ehoi s | geo T fi 3% 1,000
—¢D2azd %N o % 1d=™M3Av

¥vho —odtinR'0d)a% =™ 8 —<4' 2% o=l ®
A fi @ # %y Yo

11 ¥ 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. Alternatively,
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

31
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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 ¢ L e = ™ 3 A

src/backend/port/win32_sema.c °

225 H VP ¢ Wamfi !/

PostgreSQL | 0= ' 2 &  #d>a—«' o < o= ~3A°%0: "D —eD
o | ¥ ™V ks o:' > # tdvase| es" 2o % 34
%N 3 A°0- ' D< @7 Dol o8 LA gv|-—- AL
At <L ve cwWaafi J € 43 A9 HVE « Wafi J | ™0 = Yo— 2 - fi =
£ =3 A°

€ H VE e Wmfi | —
HOVE w Wl J | - e3 A0
N CHECKPOINT -
% CHECKPOINT & =V °
n R' ©> 2> checkpoint_timeout # oV
¢hoi s #] 300 5 # tdg4a°
N WAL h O wmi %R! ©® D = D checkpoint_segments - <V
16 MB — WAL h Dwmi %R’ 0D 2D 2 14V ¢hoi J 3 ot %
T4 v e
N ofi' efiNPeen bk
pg_start_backup
pg_basebackup « ¥ fi »
N ==fi ®2fi @
pg_ctl stop -m immediate « ¥ fi » — = 2
Nn ¢Dd2z>1 @
CREATE DATABASE / DROP DATABASE

8 H VP e Wamfl ] —

HOWE o Wi J | % =N g A° d WAL Dl — - |-
A 4 Regular Checkpoint < wmfi ® = 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 VE eWmfi J R' ©D D
checkpoint_timeout  # 3% - LA - 4 -3 A° ¢h0
32
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@
ZFH VE o Wafi J

iy | 05o—#s — B VE - Wi 3 # — 50%—
L s 3y{is-od3Ac0
2 H VP O Wamfi J —
H WE o Wafi J

H VP o Weafi J
H VP o Waafi J

checkpoint_completion_target

r
b

\

checkpoint_timeout

<8 H VP o Wamfi J

1% oK. e = A 1 Ke B~
R' ©> =2 checkpoint_timeout 4t o= L 3 A° % 4 -~
¥ Ned| | 100 F AL e AL eq A9 | —
IsCheckpointOnSchedule src/backend/postmaster/checkpointer.c  # «= ™3
A 9
AJR' ©d =2

€ W VP« Wasfi )~
HYEe eweafi ) - A{R' ©2 20> — q4£A°

© 2013-2015 Hewlett -Packard Development Company, LP.



19 veewmtfii -  AJR' @2 20D

R' ©d2 2> ¢+hoiy
checkpoint_timeout H VWE o Wafi | 300sec
bgwriter_delay writer K. ¥ ® % T 200ms
bgwriter_Iru_maxpages writer K. ¥ ® % 70dD o 100
bgwriter_Iru_multiplier writer k. ¥ ® % 70d> o — 2.0
checkpoint_completion_target —H VE o Wafi J 3#-# |05

Ve o weafi J A 1 Y o
log_checkpoints HWE « Wi d, - o off
full_page_writes HWE - Wl — -] a|on

>o LWAL- % g

2261 fisnPehO

vOKi —edfic’ ined' fideCOPYTO r | % i<
PehO —s-vaKoddoeko:'d %l 14 Y%Ned 5 A9 | —
VEc?@eA{¥YOKI —Owmus% Peho— 144 a{edKir- Ad->
cfiot ined i =i -] Peho — L i3l fi-neP
ehod  o3A°  td{  fi“nPEhO—Ommu| 52 @2 % t 4 =
V% T4

20 PEhO—0Ommt

O

T 256 KB | Seq Scan
CREATE MATERIALIZED VIEW

% 7 16 MB CREATE TABLE AS

COPY FROM
VACUUM 256 KB | VACUUM
~ 14H| PEhD—D_¢»| — 0 mmit < Peho— 1/8d

-= 1™ % =43 A src/backend/storage/buffer/freelistc ° ' fi a NP e hO—
README src/backend/storage/buffer/README ~ h O mmi ~ t 4l = ™

34
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wfi ®2f ®@— — 8 hD_12/3||_J !_K'l_ £=|s
= e Ao

2.3.1 —

-—fi ®2fi ®— - | pg_ctl « ¥ fi » 4 -3 A° pg_ctl «vfiyr- |8 —
L A{JwR' 014> L =o™WR' 02 a0L A < %ZE %
Aoy p* w i~ L %N 3 A%S wafli ®2fi @— | WR' 02 =
D%e Ol | 258 amfi @2 fi ©@— | wWR' 0242 %ehoi s zA

http://www.postgresql.org/docs/9.4/static/app -pg-ctl.html °

21 pgctl e vfi s r || =ufi ®=fi ® -

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 ® —

—fi ®2fi ® | wR' 02404 o™ o - & o3 Y F°
postmaster k. % ®— —v Er~ system Windows — =| —q K Ve
- == ™3 A9 3 vV Windows # | Windows API CreateRestrictedProcess 4 -
=™M3 A% 4 —wvee| Fd=™m3ydeo—vE < o%n  o=Ls

pgctlevfiv— 4 | Oroqd3A°

35
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12 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 directory "pg_log".

$pgctl -Ddatastat w 0 «' @3- o= < >ro
pg_ctl: another server might be running; trying to start server anyway

server starting

FATAL: lock file "postm  aster.pid” already exists

Is another postmaster (PID 3950) running in data directory

"/ opt/PostgreSQL/9.4 /data"?

$ echo $? b opgctl «vfi)—o@vd @] 0
0
& " k' 2o tfi 2t
—fi ®-fi ® ~-msmart R' ©3 22> ehoi s &£ Af<8 ! mefi
— Lagb e bigE LA Voo k' Do T 20 JDKNwafi ®
4 fi @ | | ' wae fit s o01do™V ks @ DK— % Fi=m=L
—fi ®cfi ®] %3 A°
13" k' o2 Tfi — -msmart R' 03 2>
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

232 R' @2 2> —

—fi ®2fi ® ~ | {PGDATA }ipostgresgl.conf h D mmi % t 48 R' ©2 22
% 14349/ — @ {PGDATA}postgresgl.auto.conf h Cmmi % 1 4 = 4
36
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Y63 A®
R' 02 2> — L A - | pg_settings ¢ 2. =4 A %2 psgl* D v
"wo Y% showall « v fi » L ~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 # t4Vvwve-. PGC_S {SOURCE} 4 e=u o ¥

®1 4 =™3A°enum | 52 ®«d» srcfinclude/utiis/guch  # td=m™gA0

22 pg_settings © 2. & — source

default ¢hoi

environment variable postmaster — Y |
configuration file postgresgl.conf h O mmi #
command line postmaster R Y02 Ao
global ~. D PIi

database ¢D234zD0 & —

user “>®@d —

database user

-

D@I<4da4zZd® —

client <! i YalE—
override ~ehoi s LAY )
interactive <> —V k-
test D@D sV |[edz0 @ —v @
session SET « v fi » = |H|

8 R'0ODANND mmi —
PostgreSQL9.4 % |- | ALTERSYSTEM ~ |4 8R' 02 anhDwi — %

- 2%q |fe-o0d43 =V 9 ALTER SYSTEM L ==

| superuser & =~ >m@m>
- # %9 A°

1ALTER SYSTEM

ALTERSYSTEM §ET 0> & =  |DEFAULT

| s {PGDATA}/postgresqgl.auto.conf o

=0 TM”_e'_ ~=9 c0f ™9

ALTER SYSTEM  # =VR' ©3 40—

MO - - td308° 1 —h D | #

37
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14 ALTERSYSTEM r [{R' 023 =>

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'

$
— 2 ULls%] |fer s ALTER SYSTEM | wafi ®2fi @ R' 023 2D |

> 18 postgresgl.auto.conf h Dwmi — % 453 A° | —h 0wl | mfi ®2fi ®

3 v | pg_reload_conf ~ postgresgl.conf h Dwmi % 1 34V t
Jo % tdqac

ALTER SYSTEM —R' 02 24> < -= DEFAULT & A ¥%® ALTER
SYSTEMRESET 4 A < ® postgresgl.auto.conf h D wmi % [FR' ©2 22 %
tqq 40

15 ALTERSYSTEM r |{R' 02> an' ¥ e,

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

$ cat data/ postgresqgl.auto.conf

# Do not edit this file manually!

# It will be overwritten by ALTER SYSTEM command.
$

38
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€ R 0D anNhOmi < SET —

— L =R' 02 20LR' 0D AN Dwmi - A | e Lofiy |
£ qs Lofiaineodwde "fi 6% q3A° 8 SET #¢¢po '
fi—R' 02 0L A |eofiaineodede "fi | g 3o
SET —R'o0daddcfiaincodwdeTfiz < — < o= 14 5
AQ

16 hOwmi < 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=#

233 mfi @2 fi ® —

pg_ctlstop -msmart « v fi ) | o@D — L | 3A%® dmat = > 4h
0iy 60 & A< pgctlaviiryg 4 # =3 A°
R 2 Lo ufi @i @| o 2J b pfi —@¥D 2 @—35ZA°
L=V k8 — o e i | 2%0™ - 434° —teo"finA==
A < - i ®2fi ®] “3 A9 k= > — | 8pg_ctlevfin
R' 02> = -timeout= 3V | -t # o3 A0
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17 emfi @2 fi ® Y ot = P

$ pg_ctl 'BD /opt/PostgreSQL/9. 4/data stop ‘Hnsmart
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 disconnectio  n.
$
$ psgl -Udemo
psql: FATAL: the database system is shutting down
h —%eefi| 1 1 ldom™
$
$ pg_ctlstop -m immediate
waiting for server to shut down.... done

server stopped

$

234 wfi ®2ifi ® — g 7 k'
—fi ®2fi ® - 1 341 P! T g A fi @i @
— dstrace«vfis)#z,™ D @-= o3 =V o
23 wafi @2 fi ® R EEE R
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
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235 o h O el
—fi ®ifi ® - td RO £ o3 A° wfi @i ®@— | -
?%lx/ 4 «:ETM=|A9=|\/R!(DD°43 |0h,<>iJ AL == T3 A°
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24 h O
N O el Re
postgresgl.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 {PGDATA}/ global

pg_internal.init {PGDATA}/ 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

© 2013-2015 Hewlett -Packard Development Company, LP.
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3. D ©

3.1 /]ﬂ-i ° @Y F —

$|h,|:|-i° OV | A-" AL <1,ETM=IA9
311 6" ¢!
L L #| PostgreSQL ¢ D 2zD ®N-' @x—eo" o L ez e A
8 ¢dazd @nN~' @
¢d22z> @en-' ®=| 8PostgreSQL ¢ J 2z > ®— Y == 145

A°oQ dDvafiane @vr—e=" <y & o= jnitdb « v fi»~ | 1
J530°¢224z) @N<-' @2 | wali ®2fi ® 8 - A pg_ctl « v fi)
2L M 1de i @fi @— -Lladgac
18¢da3zd@Ne' @4 —NO

$Is -1$ {PGDATA

total 96

- PW=------ 1 postgres postgres 4 Jun 6 12:45 PG_VERSION

drwx------ 6 postgres postgres 4096 Jun 6 13:00 base

drwx------ 2 postgres postgres 4096 Jun 6 15:52 global

drwx------ 2 postgres postgres 4096 Jun 6 12:45 pg_clog

- PW------- 1 postgres postgres 4222 Jun 6 12:45 pg_hba.conf

- PW------- 1 postgres postgres 1636 Jun 6 12:45 pg_ident.conf

drwxr-xr-x 2 postgres postgres 4096  Jun 6 15: 52 pg_log

<< >>

drwx------ 2 postgres postgres 4096 Jun 6 15:54 pg_tblspc

drwx------ 2 postgres postgres 4096 Jun 6 12:45 pg_twophase

drwx------ 3 postgres postgres 4096 Jun 6 12:45 pg_xlog

-rw-r-- r-- 1 postgres postgres 101 Jun 6 12:45 postgresql. auto. conf

-rw-r-- r-- 1 postgres postgres 19598 Jun 6 12:45 postgresqgl.conf

- [W------- 1 postgres postgres 45 Jun 6 15:52 postmaster.opts

- PW------- 1 postgres postgres 73 Jun 6 15:52 postmaster.pid

$
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¢d2zd>@n-' ®2< o= tA Ve <0t —¢57 <1 <h
Dwai % 14 3A°baseeo” <1 ' | ¢d22a% 14 —eo" <.
"#A°basesc" <« ' | edazd e~ A{oKnes" <1 % 143
AQ
312 ¢Dazd) @Nea” o) | —
¢d2azd @ Afe=" < -] s edaz3 @- td{oKeve
J % —NOwm < == tdqa° —hDwi % - W
25 ¢da4zdene=" o ! -t A RO -
h O e
{999999} $a0fi ) NhDm
{999999}.{9} Y 2a@fi)Nh Jmei 1GB —
{999999} fsm Free Space Map h 0 wmi
{999999} vm Visibility Map  h [ wei
{999999} init 3 UNLOGGED TABLE — hode4d A

h O i
pg_filenode.map pg_class.filerelnode ~ Ao oKove.

<ShDwei — & A
pg_internal.init ° @Y —¢' Po’ NDwal %wmfi ®2fi

®© - paldl e

{PGDATA}global ¢ =" <« 8edaz> @

% ddest o0l o e
PG_VERSION P> o fi % 14 v @ KO wai ©

¢d°zd @ -Hve<tdqe
€ vOKi — <o, -
PostgreSQL —v > Ki | 8 - —o0KOVe ) — £AO -
— wk if=mac
3 _init h O mmi | UNLOGGED TABLE & UNLOGGED TABLE — TOAST D K i 8
UNLOGGED TABLE — TOAST wafi ¢ £« ®% UNLOGGED TABLE ~ <= £V -
fiee. o o= tqgac
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26 voKid A

vOKi ¢d 4% 14
—fi ¢ £ - ® —V E-rwdKi - R
TOAST v D K i e ad A
TOAST wafi ¢ £ = ® TOAST v Ki — & A 2 -
(]
da== Aql o 2. =% pg_class# A ° pg_classo 2. =~ | 2 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 <&
fie e ® OID indrelid — % 19=™3A¢°

3y9D0Ki o, e

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

€ vOKi —
$OKi d aafli¢ 6 ®< 00 D¥ofianNeo @¥F —hDwai | pg_classo 2. =
— relfilenode — < o= ™3 A
OKOVe ) SHDmmi — | oid2name* D wo ! wsd =L zsa A
td{voKi | pg_class¥ > Ki — reltablespace % 3 A | —
% 0— 8 pg_default v 2 K i 2Nef 1 <& ~3A°
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19 h O wmi —
$ oid2name’E demalb
From database "demdb":

Filenode Table Name

16437 demol

postgres => SELECTelname, relfilenode, reltablespace FRONbg_class
WHEREIname IN ('demo2, 'demo 3) ;
relname | relfilenode | reltablespace
+ S
dem@ | 34115 | 0 < 9D Ki pg_default
demsd | 34119 | 32778 < ¥OKi tbl2

€ f20fi)NhOw

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

20 ¥ o 0fi) NhO e
postgres=> SELECT oid, relname, relfilenode FROM pg_class WHER

relname='largel’ ;
oid | relname | relfilenode
+ +
16468 | largel | 16495
(1 row)

$Is -116495*
- [W------- . 1 postgres postgres 1073741824 Nov 29 14:06 16495
- PW------- . 1 po stgres postgres 96550912 Nov 29 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

4pg classo 2. o< umfli ¢ P @

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
47
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27 pg_classo a. & — 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 ¢ ¢ « ®
4| vo2Ki < TOASTvoKi — &L o=™3A9 vdKi toastld A
< 8TOAST v D K toast_16525 % - 14 8N O mmi 16532~ W
TOAST wufi ¢ £« ®| pg_index o . = % |- indrelid % 16528 —" « > » 4 .
A °
5pg_classo 2. o< TOAST v DJ K'i
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
28 TOAST ¢ D o ho>v el
ho>w B
PLAIN TOAST & o YF°
EXTENDED < TOASTwo Kid  3A9 95— TOASTL #%
Jed2 —enoi s #A°
EXTERNAL | ™3 Y$3%s TOASTyvO Ki & o3 A0
MAIN | ™3 A %8 TOAST vD Ki | < o= o3 Y F9
psql « v fi »  Ylk8s ¥d+ wD Ki o4  A{ <8 TOAST — hoow
48
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pJsd  #%3A° — #|ctoastlvd Ki —cl varchar < c2  text
% TOAST #Nef| | <%yY%]gA°

21 TOAST -—

postgres=> \ d+ toastl

Table "public.toast1"

Column | Type | Modifiers | Storage | Stats target | Description
+ + + + +
¢l | 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

22 TOAST ho¢dv el —

postgres=> ALTER TABLE toastl ALTER c3ET STORAGE PLAIN ;
ALTER TABLE

postgres=> \ d+ toastl

Table "public.toast1”

Column | Type | Modifiers | Storage | Stats 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
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23TRUNCATE s h Owmi —

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

relfilenode

$ls -12578* b hOewl —
- PW=------ 1 postgres postgres 884736 Jul 23 11:23

25782

- PW=------ 1 postgres postgres 24576 Jul 23 11:23 25782_fsm

postgres=> TRUNCATE TABLE trl1

TRUNCATE TABLE
postgres => SELECTelfilenode
relfilenode
25783 b hDww %
(2 row)

$Is -12578*

- [W---mnn 1 postgres postgres
- [W---mnn 1 postgres postgres
$

postgres=# CHECKPOINT ;
CHECKPOINT
postgres=#\q
$ls -12578*

FRONbg_class WHEREIname='"tr1'

=30 f

0 Jul 23 11:25 2578 2
0 Jul 23 11:25 25783

B VP o Wafl J —

- PW------- 1 postgres postgres 0 Jul 23 11:25 25783

$

B TRUNCATE-

H

h O e |
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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 4k 7 ~| 10 %
A1 s-0ad3A4c¢° % - T4 YoOKI gV | mfi ¢ o]
FILLFACTOR — e nhoi s %l {1 < =g A°

€ CREATE TABLE —

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

24 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
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25 FILLFACTOR —

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

postgres=# SELECMAHp) FRONieap_ pae_items(get_raw_page(filll', 0) ;
max

(1 row)

postgres=# ALTERTABLHilll SET(FILLFACTOR 30) ;

ALTER TABLE

postgres=# SELECMAHp ) FRONieap_pae_items(get_raw_page(filll', 0) ;

max
157
(1 row)
vOKi filll —e>ad -3 A ° heap_page_items* 4 [ =ad> o— L
A < —dd> o | 1577 «> t 4 =™ <%5%]5A° ALTER
TABLE £ == 8 FILLFACTOR 4L =8 ar e— & -= ™3 A

%t 07 «2) % ot =™ <%y]{gAc

4 = © 21 pageinspect # td=m™3a0 ~ | superuser % o EAO
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32 vOKi

321 v Ki < |

PostgreSQL # | ¢ 2 %20 @8 YO Ki & wafi ¢ 6« ®8 v ¥ = ' wmid Nf " D
— oKOVe. | voKi 5 td38°e094z0 0n-' @l

A<e 2 =—9DKi ¥% 143 A9 pg_default v D K | )

@D % -3 A° pg_globalvd K | e2az>e@x A{- evrino

A4, 2% 19 =™3A°ed4zDd @ -edKi TABLESPACE 4k
~n ™ 8 pg default v 3 K i % td g4

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' @2 ad—ehoi s | £8e029zd2 0% 14VedK
i % 19 50° wafil ®@21fi ® 01 # |08 FEo i L Aq.

< %# Y%eq A°

29 9O Ki — dLaoanf vV —
oK ©Ve | R! © D 2 D default_tablespace —

R' ©2 2> Ned R' ©2 2> o o
¢D2zD0 @ pg_default pg_default
vOKi tdVedKi ¢D2zD @< JdvOKiI
-—fi ¢ P« ® tdVedKi ¢J 34z @< JvOKi
vl o mmman td VedKi ¢Dazd) @< dvOKI
) S
oD ~fi ®6 tdVedKi ¢J 394z @< JvOKi
5 Oracle Database < 8g o< 1 LN 540
600 »fi @— - | TABLESPACE %Nej 3 Y+%® | —R' 02 a— &
t3A°
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SET &L [ =3%rpeo " # vV 8 =V —9vDKi Y% A
{| %% ve <145 A% ~roKove.. Y%Nef| %> e Y| w ve « ¢ 4
PR

postgresgl.conf h D mmi # mmfl ® 2 fi ® % =V 8 tdVedrKi
- | wveerdgy+o3v/ — 8 TABLESPACE & A< +D
4z @—v I Ki % tdlga

26 ~o™yDKi L v -
postgres=> SHOWefault_tablespace ;

default_tablespace

ts_bad H postgresgl.conf - =0 ™y ) K i AL
(1 row)
postgres=> CREATEABLEatal (c1 NUMERIE2 VARCHAR));

CREATE TABLE

Table "public.data6"
Column | Type | Modifiers
+ S
¢l | numeric |
c2 | character varying(10) |
b ¢ hoi J —e)dKi s

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 ~ | R' 02 = default_tablespace | #vee% 4°
é R! © D 2D temp_tablespaces

oKov-sd A{vdoKi — esd o3 - %

t 4 =™ 8 td oK | random % - td g4
322 cK©®Ve ) <hOmmi —

PostgreSQL # | ¢ D 217> @d vDKi —oKoVve., |od Dw=ofian- @v
F—¢0" o) d e < o= Mg A0
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€ vOKi TABLESPACE —

pg_default v d K i | ¢22z0en-' @4 — basess” - < -3
A° —wdKi L A < 8{PGDATA}pg_ thlspc ¢ =" « 1 ' o fi W' ¢ i
"fi-%  1dgA40

o fiWw' pen’ fic—hOm | @ pg_tablespacec 2. = — oid r A
EAN

6¢c" o) <wdKi

¢dazd) N~ @A vOKiI
/opt/PostgreSQL/9.4/data /opt/PostgreSQL/9.4/tbl2
| | |
base pg_tblspc PG 9.4 201409291
| | |
¢ 2z > @ oid v>OKi ¢J 2z > @oid
| oid |
v D Ki filenode v D Ki filenode
4 4

27 vOKi —

postgres=# CREATE TABLESPAQE HOCATION ‘/opt/PostgreSQL/9.4 /tbl2' ;
CREATE TABLESPACE
postgres=# SELECT oid, spcname FROM pg_tablespace ;

oid | spcname

+
1663 | pg_default
1664 | pg_global
32788 | thl2

(3 rows)

$ Is 'H/opt/PostgreSQL/9. 4/data/pg_tblspace

total O

Irwxrwxrwx 1 postgres postgres 26 Jun 23 11:15 32788-> /opt/PostgreSQL/9. 4/tbl2
$
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vOKi 4 A{<ees" <1 ]| s PG_{VERSION} {YYYYMMDDN} o
<™e —goKnes” <. % 1d3A° YYYYMMDD | v2 K
z|oo8hodves — w< a3 A0

28 v K -

$ Is 'H/opt/PostgreSQL/9.4 /tbl2
total 4
drwx------ 3 postgres p ostgres 4096 Jun 23 11:16 PG_9.4 201409291

$

& ¢D434zD ®o—

¢d2zde@-|ed=zden-' ®1 £ —1ID od % 14 3A°1—
oid | pg_database o 2. = — oid < = AV <%zE%Rg D 7V |
pg_stat database ¥ = > — datid v D Ki —4DJ24zD ®@—od<s 0 -
¢ <" % 1dgA°%id— | & Dwol wo oid2namez L £ %3 A0
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29¢D49z) &—

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

+

1| templatel
12783 | template0
12788 | postgres
16385| demdb
(4 rows)

$ oid2name
All databases:
Oid Database Name Tablespace

12788 postgres pg_default
16385 demdb pg_default
12783 template0 pg_default

1 templatel pg_default

$ Is 'H/opt/PostgreSQL/9.4/data/base

total 32

drwx----- 2 postgres postgres 12288 Apr 16 12:59 1
drwx----- 2 postgres postgres 4096 Apr 16 12:58 12783
drwx----- 2 postgres postgres 4096 Apr 23 11:09 12788
drwx----- 2 postgres postgres 12288 Apr 23 11:09 16385
$

€ oKove, Y%|lhDw &

pg_class o -4 Ay ~ 8 pg_relation_filepath L g

2.
FROwai &£ A{1<%Hz%g0°1— ~9dKi vl o!

*)  wmfiec-@ L Afss  —fersedaz3 00"
R ed 5 A° pg_default —vOKi 4L o= ™ | &
a7 eyl - ¢J||ETM'””'€‘I— iJ||=|A?/88 | e fi W
—hD-il_Q=|=|A9
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30cKOVe ) <shODwl —

postgres=> CREATE TABIdema&(cl NUMERIC¢c2 CHARDO)) ;

CREATE TABLE

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

base/16394/16447
(1 row)
postgres => CREATE TABIdem@ (c1 NUMERIC, c2 CHAR)) TABLESPAGH ;
CREATE TABLE
postgres => SELECTg_relation_filepath(‘public.demo 2) ;
pg_relation_filepath

pg_tblspc/16453/PG_9.4 201409291/16394/16454
(2 row)

hDwai —qd A | & pg_relation_filenode 4L o3 A
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33 h0Omml - OV F <

331 4d3zD @nNe’' @a— I )
¢d2z>0 en-' @ar td=™eo" < |8 " D@Y—7%"-% @
2% -2» 0700 ~of =™ %N 3 A9 -0 >k "oJ@drs.% @
Y% 14 =™ <8 umlil @i @ # %y TFO

B3l @®N=z D)< umli 2fi ®

$ chmod g+r data
$ pg_ctl -D data start
server starting

FATAL: data dire ctory "/opt/PostgreSQL/9. 4/data " has group or world access
DETAIL: Permissions should be u=rwx (0700).

%4c” <) - o=nitdb «vfid¥% 1dsedazden-' 4%
tdssem cu i — 20| - td308°93VedKi %t
Jvesm st — 2oL~ 10
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32 z Db —

$ mkdir datal
$ Is 'Hd datal
drwxrwxr- x 2 post gres postgres May 28 12:59 10:27 datal
$ initdb datal
The files belonging to this database syste m will be owned by user "post  gres".
<< >>
pg_ctl -D datal -1lodfile start
$ Is 'Hd datal
drwx------ 14 post gres postgres 4096 May 28 12:59 datal
$
$ mkdir ts1
$Is Hdtsl
drwxr-xr-x. 2 post gres postgres 4096 May 28 12:59ts 1
$ psql
postgres=# CREATE TABLESPACE tOCATION/bpt/PostgreSQL/9.4/ ts1' ;
CREATE TABLESPACE
postgres=# \q

$Is 'Hdtsl

drwx------ . 3 post gres postgres 4096 May 28 12:59ts 1

—fi ®-fi ® — z2)—HWve-|edaAzdoen-' @x ~ 14V
voKi 2| Fi33For-vE o0k =leo-|oqq3
=|=9
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33yoKi — 22

postgres=# CREATE TABLESPACE t©OCATIONOpt/PostgreSQL/9.4/ ts1' ;
CREATE TABLESPACE

postgres=# \q

$Is Hdtsl

drwx------ . 3 post gres postgres 4096 May 28 12:59ts 1
$ chmod a+r ts1

$Is Hdtsl

drwxr-- r-- . 3 post gres postgres 4096 May 28 12:59ts 1
$ pg_ctl -D datarestart -m fast

waiting for server to shut down.... done

server stopped

server starting

332 h O mmi —

PostgreSQL # | ¥ D K1 < wafi ¢ £« ® MO i < == t 53 A°N0 mm

i~ Ao L eg v

8 vDOKi

voKid A<t A{hDwi % 143A0°¥0Ki ShDwa —v EH
fi ~ | oid2name « v fi » 4 pg_classo 2. = — relflenode # # %3 A°

34 92Ki — <SHhOwmi

postgres=> CREATE TABLE demo1(c1 varchar(10), c2sarchar(10)) ;
CREATE TABLE
postgres=> SELECT relfilenode FROM pg_class WHERE relname="'deniol

relfilenode

$ cd data/base/16424/
$Is 'H16446
- PW=------ 1 postgres postgres 0 Apr 24 16:48 16446
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voKi — $|u_¢;0— h,D—i$N9-||1S%f1/s=i=|A9l—V3Ki'—
" «322L L5 A°9TRUNCATE # 4 EJdv L zas

35 H VP e Wamli J —h 0O e
postgres=> INSERT INTO demol VALUES('ABC', '123") ;
INSERT 01
postgres=> \q
$ Is 'H 16446
- TW------- 1 postgres postgres 0 Apr 24 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

36 H VP o Wafi J —hD-i

postgres=# CHECKPOINT ;
CHECKPOINT
postgres=# \q

$ Is ‘B 16446
T a— 1 postgres postgres 8192 Apr 24 16:54 1644 6

Ko PeDmmi#Ne| 8KB 2 % 34/ =™ <%5%dgac

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

postgres=> UPDATE demol SET 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 nu | 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 ABC h 123
0020000
Zeb¥%h % g9 Ke ee— W = 20 %  1d=™ <%
1308°39 =" 0% rq=musbeudgaci - ~qem
J ) — |K,.LE- # I%lETM-”lS%fl/s#ﬂAg
é —
medd A<eKe Be| ™ 7 ™-0d3A4° K. e r
o ¥Ne 8K. - — % 148 o A as o% 1
4 5 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 @
S RS R
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& Visibility Map
VisibilityMap | ez2 0% A{dd>ed A{NDwi ZA°¥DKi —N 0 =

i 34 aoeli1fei#z  ~3A°hROmmi | o {RELFILENODE }_vms
2A°1 —hDw &  A{ 1 <#8VACUUM -e2zd> 0% <0 ™dd od
®« ¢k =8 VACUUM -0 L A1 <s%ERyA0 O mmii| 8KB 2
A° vdKi 8 —H VE -« Waafi J 5V | VACUUM ~ tdlqn0

& Free Space Map

Free SpaceMap | ¥ O Ki NhDwei — 0D 0%>— %  YNef| %
A{hCmi 2A° $OKI —NDmmi = 339 02 0L 1P wms # =3 A°
hOwai | s {RELFILENODE } fsmo #2A° | —hDmai &£ A{1<#87 «>
) — L - A1 s%E%R| |ferodqnc Ommii| 24KBZA9 @
DK 8 — VACUUM - 143493V VACUUM o< -
tqq4c

VACUUM | Visibility Map & <o %[ & ™s Free Space MapL <3
JANR:S

7 Visibility Map < Free Space Map

Table Visibility Map Free Space Map

page 1 0%

50%

page 2 25%

page 3

111 R
s TS
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postgres=> SELECT relname,relfilenode FROM pg_class
WHERE relname='demol' ;
relname | relfilenode
+
dema | 16409
(2 row)

$ cd data/base/16385
$ Is 16409 *
- PW------- 1 post gres postgres 8192 Jun 6 16:46 16409k Table

- PW=------ 1 post gres postgres 8192 Jun 6 16:46 16409 vk Visibility Map
$

- PW=------ 1 post gres postgres 24576 Jun 6 16:46 16409 fsmkw Free Space Map

3.3.4 VACUUM

L1 #| VACUUM s hOmi — %x—fer AfwmdL ogac

| VACUUM & R' 0> = autovacuum=off <= ™3 Vo

& VACUUM CONCURRENT

VACUUM CONCURRENT | & AL 0 YD afia g A0

- #8K. Pe—  %B2—|er A% egAv
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39 ¢ D o 12

postgres=> CREATE TABLE demol (c1 CHAR(500) NOT NULL, c2 CHAR(500) NOT NU
CREATE TABLE

postgres=> INSERT INTQlemolVALUE®A AA '111) ;
postgres=> INSERT INTQlemolVALUE® BBB '222) ;
postgres=> INSERT INTQlemolVALUE®$ CCC '333) ;
postgres=> INSERT INTQlemolVALUE® DDD '444) ;
postgres=> INSERT INTQlemolVALUE® EEE '555) ;
postgres=> INSERT INTQlemolVALUES FFF, '666) ;
postgres=> INSERT INTQlemolVALUES GGG '777) ;
postgres=> INSERT INTQlemolVALUE$ HHH '888) ;
postgres=> INSERT INTQlemolVALUES Il ', '999) ;
postgres=> INSERT INTQlemolVALUES JJJ', '000) ;
postgres=> INSERT INTQlemolVALUE$%A AA 'aad) ;
postgres=> INSERT INTGlemolVALUESA AA 'bbb) ;
INSERT 0 1

postgres=# CHECKPOINT

CHECKPOINT

" «2)» 1KB—woKid 812" 2L o5A9 4| 2K £~
—9OKi % td5A°

40 ¢ D o RO i —

$ oid2name’H demalb
From database "demdb":

Filenode Table Name

16470 demol

$ cd /opt/PostgreSQL/9.4 /data/base/16424
$Is 'H16470
- PW------- 1 postgres postgres 16384 Apr 26 10:56 16470
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41 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

*

0002720 sp sp Sp Sp Sp sSp sp sp

*

0003740 ack nul stx nul stx bs can nul

*

0004740 ° bel nul nul 6 6 6

*

0005760 ° bel nul nul E E E

*

0006740 sp sp Sp Sp Sp sp sp sp

*

0007760 eot nul stx nul stx bs can nul

*

0010760 ° bel nul nul 4 4 4

*

0012000 ° bel nul nul C CC

*

0012760 sp sp Sp Sp Sp Sp sp sp

*

0014000 stx nul stx nul stx bs can nul

*

0015000 ° bel nul nul 2 2 2

*

0016020 ° bel nul nul A A A

*

0017000 sp sp sp sSp Sp sSp sp sp

*

Sp Sp Sp sp

* bel nul nul

* bel nul nul

Sp Sp sp sSp

Sp sp sp sp

* bel nul nul

* bel nul nul

Sp Sp sp sSp

Sp Sp sp sSp

* bel nul nul

* bel nul nul

Sp sp sp sp

Sp Sp Sp sSp

* bel nul nul

Sp Sp Sp Sp sp
7 7.7 sp
FFF sp
Sp Sp Sp Sp sp
Sp Sp Sp Sp sp
555 sp
D DD sp
Sp Sp Sp Sp sp
Sp Sp Sp Sp sp
3 3 3 sp
B BB sp

sp Sp Sp sSp sp

Sp Sp Sp Sp sSp
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2K. eo 2K. B

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 esc dle 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 nul

*

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 11

*

0035000 " bel nul nul 9 99 Sp SpP Sp SP Sp SP Sp Sp Ssp
0036020 " bel nul nul HHH spspsp spspspspspsp
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

Ke Be— 7«24 =& VACUUM L <3A0
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postgres=> DELETEFROMemolWHEREL IN ( ' CCC, 'JJJ) ;

DELETE 2

postgres=# CHECKPOINT

CHECKPOINT

postgres=> VACUUM demo1l ;

VACUUM

| — -4 Ko e~ %> —|er =V Yad -3 A° - | &

VACUUM —K. P~ L o=™M3A9K. B e #8 07 €2 ) %K. .

+ tdsZebsKe B — - % % 1d=™gAcL— |4

v % L =™ <%HFh]gA Vo8 =T (D) % |

001740 C1='GGG', C2="777'—" « D » < 8 003740 C1='LLL' ,C2='bbb' =" « D |
- = ) Jll = TM=1 A °

Ke Be — «2) | HOT (Heap On Tuples) — z L t 4 = ™5
Aedd e - % % e=™|c< tdv -] 8K. B« # VACUUM
— L ™3 A® —3dd or Y8 ¢J||ETM=1A9

http://lets.postgresql.jp/documents/tutorial/hot_2/hot2_2
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44 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

*

0002720 sp sp Sp Sp Sp Sp sp sp

*

0003740bel nul stx nul stx ht can nul

*

0004740  bel nul nul 77 7

*

0005760 ° bel nul nul F FF

*

0006740 sp sp Sp Sp Sp sp sp s

*

0007760 eng nul stx nul stx ht can nul

*

0010760 " bel nul nul 555

*

0012000 ° bel nul nul D DD

*

0012760 sp sp sp sSp Sp Sp Sp sp

*

0014000 stx nul stx nul stx ht can nul

*

0015000 ° bel nul nul 2 2 2

*

0016020 ° bel nul nul A A A

*

0017000 sp sp sp Sp Sp Sp sp sp

*

Sp Sp Sp Sp sSp sp

* bel nul nul

" bel nul nul

Sp Sp Sp Sp sp Sp

Sp Sp Sp Sp Sp Sp

p ~ bel nul nul

* bel nul nul

Sp Sp Sp Sp Sp Sp

Sp Sp Sp Sp sp Sp

* bel nul nul

* bel nul nul

Sp Sp sSp Sp sp sSp

Sp Sp Sp Sp sSp sp

* bel nul nul

P bel

Sp sSp sp

Sp Sp sp

sp sp sp

Sp Sp sp

Sp Sp

Sp Sp sp

Sp sp sp

sp

sp

sp

sp

Sp

sp

Sp

Sp
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45 VACUUM 2K. B e

0020000 nul nul nul nul dle H stx nak soh nul soh

*

0025760 " bel nul nul L L L

*

nul ,nul ° si

SP Sp Sp 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 nu | " 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 8 8 sp
*
0040000
& VACUUM —
VACUUM 2 % L zwvyV Esedad  LgA0

46 VACUUM 4D

postgres=> INSERT INTO demol VALUES (MMM, ‘ccc’);

INSERT O 1
postgres=# CHECKPOINT
CHECKPOINT
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47 INSERT 1K. B o

0000000 nul nul nul nul * t stx nak soh nul soh nul 4 nul H etx

*

0001740 " bel nul nul M M M sp sp sp sp Sp Sp Sp sp sp

*

0002720 sp sp sp sp sp sp sp sp ~ bel nul nul ccc sp

*

0003740 bel nul stx nul stx htcan nul " bel nul nul G G G sp

*

0004740 " bel nul nul 77 7 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 jETM-”lS%ﬁ-l/ﬁIﬂAg

48 VACUUM VACUUM FULL
$Is -li 16470 v VACUUM FULI-h O mei
558969 - rw------- 1 postgres postgres 16384 Apr 26 11:39 16470

$ oid2name-d demdb
From database "demodh

Filenode Table Name

16476 demol v VACUUM FULLFilenode % 1 4 v ©
$1s -li 16476 t» h Dwmi < i-node¥%s ¢4V
558974 - rw------- 1 postgres postgres 16384 Apr 26 11:47 16476
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—v)D
8 —
VACUUM L
FULL &

Ki %] 14 ]¢>222z> e <= VACUUMFULL &£ A/
t 44 VACUUM | *®>Ki ot #A CONCURRENT

93 Vs ¢aofis %l t44vd2Ki~ <= VACUUM
A{ 8 RO —VACUUMFULL % A{gzvoKid

A A==—hO =i | tdga° 1 —vE ceYdKi —¥=0fi
vl o4 2| ~rYO)Ki —®l" D0 % % -0 %

Nef 5 4

e <

1,000" €2 ) —¥O2Kir o= " (D) # UPDATE 4L A

«D )r

L

«D ) —

8

<
~= 1,000 UPDATE < A # | 8 VACUUM <o
% odqA0 — | " «2s—«HIX% 1 d]--

= T «2)— #| VACUUM L A{ ~eK. Pe — T (D) -
% i {v 2o
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49 - "--" K.._ P e —

postgres => CREATEABLEdema(cl NUMERIC2 VARCHARO0), c3 VARCHARO))
CREATE TABLE
-- insert 1000 records
postgres => SELECTelpages, reltuples FRON)g_class WHEREIname='demd' ;
relpages | reltuples

+

8| 1000

(1 row)
postgres => UPDATHema@ SETcl=cl+l;
UPDATE 1000
postgres => SELECTelpages, reltuples FRONdg_class where relname='demol’ ;
relpages | reltuples
+
15| 1000 b Ko Be % d4=™
(2 row)
postgres => TRUNCATE TABd#mol ;
-- insert 1000 records
postgres=> UPDATE demol SET C2="TEST' WHERE 1100 1,000
UPDATE
postgres => SELECTelpages, reltuples FROMN)g_class WHEREIname='demd' ;

relpages | reltuples

+

8| 1000 b K. B~ 4 = ™p ™

(1 row)
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335 03K fi N h O i
PostgreSQL Yommfi ®=1fi ® Z0od Kk fi A{ N0 mi ~= ™=

Isof « ¢ fi » & =8 k. ¥ @< 0D Kfi o= ™| N0 wai —

€ wmfi ®2fi ®

|u ~ h O ==l < autovacuum launcher Kk .

—qo2kfi 3 A°

wfi ®2fi ®
A RO e

A, = r

30 02KfinhD e

=3 <V °Linux —
i = TM=| A @

¥ ®¥% pg_database

ke 8 ® oK®Ve.) hOumm

postmaster /tmp/.s.PGSQL.{ PORT}

{PGDATA}/pg_log/postgresq|l -
{DATE }.log

logger process’

autovacuum launcher pg_database

& " DJm>d
< e fii% A <8Pe- «fisnk. ¥ ® postgres %8 pg_amf* d o
dkfieq A3V D@D — ¥s Ys | # A ¥%s® checkpointer k. ¥ %"
fi ) —WALN Dmmi LoD Kfi o3A°
7 R! © D 2 logging_collector = on
75
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31 02Kk finhOmmi

ke ¥ ® 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
& Jifimeo T —

JPfimes Tfive AfssPre-«firnk. ¥ @ —oKove
wt #n0o8 o fis—WALLodKfi o5 A9
32 0K fi Nh O mmi

ke ¢ @® oK OVe.) h0Omm

postgres pg_xlog/{WAL FILE }

postgres OK@V-J

é " Jm@md

" D@I%-. DA<t Pr. «firnk. Y% AV Esodkfi o=™]
hOwdi | - {354°

33 02K finhD el

k.o ¥ ® ocKOoVe.) hOwma

autovacuum launcher | pg_database

logger process {PGDATA}/pg_log/postgresql -{DATE }.log
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—  Y%lkePostgreSQL | 9 — N0 mmi ~= ™= oV £Fe. D ne
™Y | < %% A% ~hDm 4 WALNOwai L o 0d K fi =8 -
{see De=™| 1 <%yh]{gA

[

336 k. ¥ @— WAL— %% T

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

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

é R! © D 2 D 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
i AL <= ™3 A9 postgresk. ¥ @% WAL — % i [ =T™3 A0

50 postgresk. ¥ @% Aq- @evr «>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\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\O\ O\ O\ O\ O\ OV 0., 8192) = 8192

8: open("pg_xlog/000000010000000DO00000DAY_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 4\ O\ O\ O\ O\ OV O"...., 8192) = 8192
11: fdatasync(17) =0

12: sendto(9," \210\0\ 0\ 230210\ O\n@O\ 0\ 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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34 td Ve @vr «Di

1 '2oJinv el %[|INSERT 4

2 $YOKIi NHOwal —= « ¥ ® fSmhOmi &
3 $YOKi HOmal —* « % ® ¢ 3hDmmi oDk fi
4 $OKIi HOmmi —

5 $OKIi HOmmi —

6 k. % @ ID 7487 (writer process) +- = ai
7 $OKi hOmai — as o—

8 WAL — o 3 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 % [V 8 walwiter k. ¥ ® k. ¥ ®ID

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

51postgresk. ¥ @% A{ o- evr «Di
recvfrom(10, "Q \0\ 0\ O.insert into datal values (1"..., 819 2,0, 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, " \O\0O\001N\ 312 0\0\0\O\3000\0 \0 \4 \O\O\O\\ O\ 350035000\ 350"..., 8192) =
8192
open("base/16499/16519", O_RDWR) =35
Iseek(35, 44269568, SEEK_SET) = 44269568
read(35," \1\0\0\0\2607742R f\0 \4 \ 0\ 0\ 0\ 0\ 330 23712 0\ 260\ 23710 0"..., 8192) = 8192
kill(7635, S IGUSR1) =0
sendto(9, "\2\0\0\0\320. 3\ 0\ 0Os@O\O\t\\O\O\O\ G\ O\ O\ O\ O\ O\ O"...., 976, O, NULL, 0) =
976
sendto(9, " \2\0\0\0\ 32003\ O\ Os@\ O\ O\O\O\O\O\ G\ OV O\ O\ OV O\ O™...., 976, O, NULL, 0) =

78
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52walwriter K. ¥ ®% A{ o @vr «Di

---  SIGUSR1 (User defined 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\ O\\ 27A 1\ O\ O\ O\ 0\ O\ O\ O\ O\ O\ 0\ OLQ 302X 322cuS"..., 8192) = 8192
fdatasync(5)

walwriter k. ¥ ®| SIGUSR1- = gi d =8 Rumk — & ™s WAL hO
- - % F#™M3A 7 10 o

& J P fimeo T
% WAL P e h O~ 2% o™ &8, ' fimeo " fi— ~ WAL h O
- % 14 3A°/ — | postgresk. ¥ @< walwriter k. ¥ % ~ -

0% k. ¥ @ WALh Dmmi & <340

337 k. ¥ @— checkpointer ~ [ %

checkpointer k. ¥ @ | dH Ve o Wafi J 4 Ak. @ A° Ve~
Waafi } %  A{<8td29enNPehOLed afDua - % 8 PrhOs
®, " D ©— AL t Y3 A° — | CHECKPOINT AL Y -

checkpointer k. % ®% o= ™. @vr «2i ;" > @vl_zA>
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53 checkpointer ~ | % 1

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

Iseek(5, 0, SEEK_SET) =0

write(5, "@UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU"..., 8192) = 8192
fsync(5) =0

close(5) =0

open("base/16499/24980 vm", O RDWR) =5

write(5, "\ 0\ 0\ 0\ O\ 210 253H 262 0\ O\ O\ O\ O\ O\ O\ 0\ 0\ 200 3652 0"..., 8192) = 8192
open("base/16499/24980", O_ RDWR) =7 t 4D aAh0 e

Iseek(7, 442368, SEEK_SET) = 442368

write(7," \0\0\0\3r\2620\0\ 1\ 0\ f\4\ 20001610 \4 -\ 10\ 0:\ 0\ 1\ 0"..., 8192) = 8192
- lseek/write &L { < -

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

write(10," \0\0\0\0\ 3001\ 0\ 22000\ 270.17A0 \ 4 \ 0\ 0\ 0\ 00\ 231|\ 3"..., 8192) = 8192
fsync(7) =0

fsync(8) =0

fsync(5) =0

fsync(10) =0

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

fd atasync(14) =0

open(“global/pg_control", O _RDWR) =11

write(11, 02x \322cuS 2510\ 3\0\0\ 2672 1\ f\ 6\ O\ 0\ 311\ 23730\ 0\ 0\ 0"..., 240) = 240
fsync(11) =0

\__ _saan ~

pg.cloge s” < '~ H VP o Wi J L % 18 - vmhOwi & -

=™3 A9/ — Ko Pe]=¢D ahDmi & -8 ~ pg_control h O i ~

BV E - Wi — & m=mg A

338 k. ¥ @— witer - | % g

checkpointer k. % % —  ZH Ve «wefi J - |F{ % & [ =™ -

- =8 writer k. ¥ @ tdva>e sdv=nPeho £ ™ # M=

% +£# ™3 A9 witer k. Y @— % - |4 vecewmfis— - |4 1O
80
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—HY> &L A1 <%# %y A0 witer K. ¥ @— % | R' @2 2>
bgwriter_delay ¢ h ¢ i s 200ms # k|4 =™3A° L | Linux/UNIX K
Py ROODF #| selectc ®vr « D i 8 Windows £ | Windows API
WaitForMultipleObjects  # =3 A  WaitLatch backend/port/win32_latch.c /
backend/port/pg_latch.c ©

% Ko 2o — | 8 R' ®> =2 bgwriter_Iru_maxpages # 343 A°
¢hoiJ | 100#A° — % K. B- | VK. B« ~8R
"' ©> %> bgwriter_Iru_multiplier — 4 1 = tdga0/ — 2z LR' 03 4

> bgwriter_lru_maxpages & 1 4 1 < | Nd 5 ¥y +9°9 R' 02> %02
t

1V axe -4 44 ade
S nddxe 4L %™ ~—3 — % 1% FH34°

bgwriter_Iru_maxp ages < <

35writer k. t @~ A{R' ©2a>

R' ©2 2> ¢hoi

bgwriter_delay writer k. ¢ @— % 4 200ms

bgwriter_Iru_maxpages % d>e 80-Aq{< % q |100

| rdo™

bgwriter_Iru_multiplier ar oer 14 2.0

338 k. ¥ @— archiver
archiver k. ¥ ®| % 7 % oV WALNh Dmmi —= D cmmK 4 ek. ¢ ©#
A° — Yt fi = ZF 0 D O owmK L2’/3loT""=1 A°
n 60 # -
N SIGUSR1- evr «Di & -V isd -
- | — dag o ™q A
{PGDATA}pg_xlog/archive_status ¢ =" < @ 4
{WALFILE}.ready h O mmi

R' ©2 2> archive_command # t 4 vV v fiyd system L g

J

J

ov O 4 ol
{PGDATAY} pg_xlog/archive_status {WALFILE}.ready h O == i 4
{PGDATAY} pg_xlog/archive_status {WALFILE}.done ~

J
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54 archiver 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|SIGCHL

parent_tidptr=0x7fffcc9877d8) = 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@O\ 0\ 0O\ 00000000001000000000000003"...., 64, 0, NULL, 0) = 64

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

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

) CmmK  — WAL % oV z. =L  A{VvE-|]8sR' 02>
log_min_messages~ DEBUG1 4 o3 A0 — ~ % td 540

56 = 2 CmmK ~ WAL —. =

DEBUG: archived transaction log file "000000010000000000000071"
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B4ofi'mfinPres Pk

341 0fi' mfinPee= Bk—

ofi' mmfi NP P wn 2k | mafi ®2fi ® zPe-spkd A za°

AL

m-fi ®2fi ® ~= pg_start_backup A -8 8Dz ®N~' ®3 —

hDwai PP cs bk o3 A9PE s Pk % =V |k pg_stop_backup 4

3A° 14 - | pg_basepackup « v fi » # - el <%E%]A Ofi

finPee=rck| o2z 0n-' @3 %] vOKi —Peo-

kLt A %N 3 A°¢D>=z0@® —Pee=ctk| pg_dump «wfi
Pe-=tekd A Y%Ne| 5 A °

€ pg_start_backup

e

P

ofi' mmfiNPPespk— & “30%1— % 19 {ssPe-- Kk
— WAL o h ¥ ¢ J % 1 3A8°3 YV 21 DO el

s {PGDATA}/backup_labelo % 14 349" Zi NhOwmi - | 8PP en pk—
4 WAL— % 134

57 ofi ' mafi NP EGn Bk —

postgres=# SELECT pg_start_backup(how()::text) ;
pg_start_backup

0/59000028
(1 row)

postgres=#

58 pg_start_backup — backup_label h O wmi

$ cat data/backup_label

START WAL LOCATION: 0/EA000028 (file 0000000100000000000000EA)
CHECKPOINT LOCATION: 0/EA000028

BACKUP METHOD: pg_start_backup

BACKUP FROM: master

START TIME: 201:81-08 11:01:37 JST

LABEL: 201501- 08 11:01:36.608139+09

© 2013-2015 Hewlett -Packard Development Company, LP.
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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 nhOei s {PGDATA Ybackup_labels | 180 ek 200"
b e = i DD % 14540

59 ofi ' wmmfi 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 - - % td540°
60 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)

342P¢Fken ekn' zi NHO wmi

Peen k! Zi NHOmal | 80fi' amfinPees pk— % 14
v« ® hOmai # A9 pg_start_backup L A | < 85 {PGDATA }/backup_label o
hOwal < &= t 4| 3 A ° pg_stop_backup 4 A | < @ backup_label N O wi
| L 5 g eV 18 e D0 mKe ~< 0057 <y - —hOD
ves—  # tdlgAe

84
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" Z i NhDOwe —hO0DJwv Pl

{WALFILE}.{WALOFFSET}.backup

-—fi ®2fi ® ~ backup_label h O wai % [ = ™ 8 Qe <~
backup_label.old h O mmi - % tdlgae 1 — | ® pg_ctl stop -mimmediate
cvfird oy z L 1434
—=fi ®2fi ® ~ backup_label h O mai % [ = ™ Ls hi wal %
backup_label.old ~h Dwai % 19 =%[feafi ®afi ®% 193409, ~r |

SRR EDE

P Z i DhOmmi | v¢ @ —HOmmi Z280fi' wafinPees ke A

% 1d=mgao

36 Peo=Pkn' zi NhOwi —

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: Perpentk

5 BACKUP FROM: Perpentk

6 START TIME:

7 | LABEL: Peestkn'zi pg_start_backup
#

8 STOP TIME: pg_stop_backup
- |F1

— STOP TIME | pg_stop_backup 4 o - 1 g0
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61' zi NH O wi

START WAL LOCATION: 0/EC000028 (file 0000000100000000000000EC)
STOP WAL LOCATION: 0/EC0000BS (file 0000000100000000000000EC)
CHECKPOINT LOCATION: 0/EC000028

BACKUP METHOD: pg_start_backup

BACKUP FROM: master

START TIME: 201:81-08 11:08:51 JST

LABEL: test

STOP TIME: 201501- 08 11:09:02 JST

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

62 @ 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°

63 @ DKnumfi ®2fi @2 0fi' emfi NP eos Pk —H VEO

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

ofi' mafiNPEws bk r~osmart=20d Vi @ufi® |

<3
Ao - =V 2 loafi @2fi ®| " e b pfi —@vd2@-0{VE
“Ho@d | 2% 5F°0fi ' mmlinPees bk rouafi ®@2fi @l -
A - | fastz 2 » & o3 A0

64 0fi' emfi NPEGs Pk —uwafi ®@2fi ®
postgres=# SELECTg_start_backup(now()::text) ;

pg_start_backup

0/A5000028
(1 row)
postgres=# \q
$
$ pg_ctl -D data stop
WARNING@hline backup mode is active
Shutdown will not complete until pg_stop_backup() is called.
waiting for server to shut
JOWN.ciiiiiie e failed
pg_ctl: server does not shut down
HINT: The " -m fast" 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
$
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35 0mmi —R OO ¥ PJ

3.5.1 postmaster.pid

postmasterpid h Dwmsi | ¢2 24Z2 &N -' ®24 -~ td v @ hDwi #
A° wfi @21 i ® - P % eali @i ® - | td3A°¢ 77«
ir R — ] -afi @i @= &  A{ |fer %d = ™3 A %s

- RO - — —k. ¥ ® ID & o= ™3 A9 |4 k- | 50 @2

src/include/miscadmin.h ~g LOCK_FILE_LINE_* o% v. < o= Vs 0 Jl
ETM=1A9

37 postmaster.pid h O mal —

1 postmaster k. % @ ID 10

2 ¢dazdenN-' @3I—R®

3 mfi ®2fi ®

4 IPv4 LwDd

5 w Do &~ P oo o]

6 IPv4 L= )" @

7 System V o' d2—«¢28 1D 10

O - — - Y%V LDr =k. ¢ ®% =0 ™  8pg ctlstatus «
v fi » 4 pg_ctistop « v fi » | o YF°

& R' 02 > external_pid_file

R' ©2 2 d external_pid_file ~ h O i 3V |ec" < L qRe L&
A < & postmasterpid h O mai - 4 = postmaster k. ¥ ®@— D& % 5 h 0w
%  td3A° Voo <8 external_pid_file # t A VHhO e - ¢4 |
postmaster —k. ¥ @ ID w1t £A93 YV pg_ctl « v fi » | external_pid_file < -3
Y + ° postmasterpid h O wmi % 2D ) TWeee # td - <=
external_pid_file # td Vh Ol |8 2D ) TWr-r--# td v Es
PostgreSQL —D2®@d% Al <%EHTAS

-fi ®2fi ® ~R' ©2 2> external_pid_file - tdVh D % %%
o™ ozl | wAac

88
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3.5.2 postmaster.opts

postmaster.opts h O m=i | postmaster k. ¥ @ —R'02=a2L A{hO
— % il @i ® - 13 A% il ®@241i ® FL Y .
fi @4fi ® Fl—hDwi - % q Yo ™ 8 wmfi ®@afi @ | «' D

~0d93A°pg_ctistart « v fi)# td VR @3 40 % —3 3 RN

65 postmaster.opts h [ m=i —

$ pg_ctlstart 'ED data

$ cat data/postmaster.opts

/opt/PostgreSQL/9. 4/bin/postgres "-D" "data”
$ pg_ctl stop

$ pg_ctl start

$ cat data/postmaster.opts

/opt/PostgreSQL/9. 4/bin/postgres

$

3.5.3 PG_VERSION
PG_VERSION h Dwmi | 842 5z ®n-' @22 voKi 4" oyl
—¢>2z> @0des" < - - 1A {vceshOmi £A°
Floe dPY>@Tfi% 14 =™3A° v @ NDmmi EAY%S4D 2z

don-' @4 —NOwmi % 9] <s=fi @i ®% #%[15¢2 2422 ®oide

m it —noet % T

< ¢ 24zD or #%000d3A°

66 PG_VERSION h O mmi —

$ cd /opt/PostgreSQL/9. 4/ data
$ cat PG_VERSION

9.4

$

3.5.4 pg_control

pg_control h O mmi | {PGDATA}/global ¢ o™ <1 ' 1] 1 oP=mn’ nh
O wmi 2 A 9 0O wam | 8 KB # A src/include/catalog/pg_control.h -
PG_CONTROL_SIZE # ° - % 34925 ControlFileData  #

t 4 = ™3 A src/include/catalog/pg_control.h 9
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€ pg_control h O wai —

pg_control h O wmi — 0 | pg_controldata « ¥ fi » # A L < %2E %y A0

67 pg_controldata « ¥ fi » —

$ pg_controldata data

pg_control version number: 937

Catalog version number: 201409291

Database system identifier: 6096935064452517922
Database cluster state: shut down

pg_control last modified: Thu Jan 8 11:28:01 2015
Latest checkpoint location: 0/EF000028

Prior checkpoint location: 0/EE15C6C8

Latest checkpoint's REDO lo cation: 0/EF000028

Latest checkpoint's REDO WAL file: 0000000100000000000000EF

Latest checkpoint's TimeLinelD: 1

<< >>

Latest checkpoint's oldestMulti's DB: 1

Time of latest checkpoint: Thu Jan 8 11:28:01 2015
Fake LSN counter fo r unlogged rels: 0/1

Minimum recovery ending location:  0/0

Min recovery ending loc's timeline: 0

Backup start location: 0/0

Backup end location: 0/0

End of - backup record required: no

Current wal_level setting: archive
<< >>

Blocks per segment of large relation: 131072

WAL block size: 8192

Bytes per WAL segment: 16777216

Maximum length of identifiers: 64

Maximum columns in an index: 32

Maximum ske of a TOAST chunk: 1996

Date/time type storage: 64 - bit integers
Float4 argument passing: by value

Float8 argument passing: by value

Data page checksum version: 0
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P> o’ fi ded54z0 - ID—|eo 8 ¢ mali ®2fi ®

- 8 M WP o Wafi J — 8 ¢ fi Rumi — % t 4 3 A ¢ pg_controldata
cyfiy— Yol 4 <254 8 pg_control | # Ve « Wafi J %[ wafi ®2ifi
e—ov>D e - % td340°

pg_controldata « ¢ fi » — Database cluster state - | — pg_control h O
- % o=™|edazd>0en-' ®@43— % 1d35A°

38 Database cluster state

0 starting up —fi ®2fi ®|

1 shut down —fi ®2fi ®]

2 shut down in recovery Popl  —

3 shutting down

4 in crash recovery cteerpnlop!
5 in archive recovery "k oo T

6

in production

unrecognized statuscode | ®v D 2 @ pg_control
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36K. Pe—hodwv Py

361K. ee<dd ©

PostgreSQL ~ %51 { /0 | K. B« 2 3d30°K. e £ BKB#A®

1 — & A{V k-] s srclinclude/pg_confighs — ¢ #define BLOCKS Z 8192,
o= (fiRual % #A°K. e | 0> 0% t4=™3A%S
PostgreSQL # | K. e+« =02 oraq Vv ks 9 < 4L S %E %A K.

AL

P

« >0 | hOws ~ 131,072 A1 %% %7 A°¢0 AhDmm %l —

Owmmir 8KB x 131,072=1GB &£ 4{< <™hDws % 1934°1 —
pg_config.h h O mmi — RELSEG_SIZE ¢ «. # td=™3A0

ddor | d>0Zes<dd)0 — 2AKi +—Wafi 2% 19 53A° = um
Y Wefi 2| 80D 0 —aki— & ogA9a4ki | ddoe— %[FdAd o—
- 1= tdga0 2+ wm¥+ Waafi o | D 0Z 2 b—  %[dD o—
- 1= 1934
8dd o—
as e
da> eZes

" mm¥ F Waafi 2 0 ]

" wm¥ F Waafi 21 ]

@
ihi

a ki #1
> ok i #0
dad> eZe s | 85 srcf/include/storage/bufpage.h s — PageHeaderData #

=
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68 PageHeaderData

typedef struct PageHeaderData
{

PageXLogRecPtr pd_lIsn;
xlog

*/
uint16
uint16
Locationindex pd_lower;

pd_checksum;
pd_flags;

LocationIindex pd_upper;
LocationIindex pd_special;
uint16

/* XXX LSN is member of *any* block, not only page

Transactionld pd_prune_xid ;

- organized ones */
/* LSN: next byte after last byte of

* record for last change to this page

[* checksum */
[* flag bits, see below */
[* offset to

start of free space */
/* offset to end of free space */
/* offset to start of special space */

pd_pagesize_version;

/* oldest prunable XID, or zero if none */

39 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 | D OO0 mmzz< P D ©" fi

pd_prune_xid aro zly<l ms 4 LEfd=my

™ XMAX  © sotd pe. ®

pd_linp[] " mm¥ b Wafl 2
3.6.2 ok 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° okiZew —theap|s.s' ' fimeo"fi — % 14349 NULL
feiwvek| thitshadi)r tdlgA0
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69 HeapTupleHeaderData

struct HeapTupleHeaderData

{
union
{
HeapTupleFields t_heap;
DatumTupleFields t_datum;
} t choice;
ItemPointerData t_ctid; * current TID of this or newer tuple */
/* Fields below here  must match MinimalTupleData! * /
uint16 t_infomask2; /* number of attributes + various flags
*/
uint16 t_infomask; /* various flag bits, see below */
uint8 t_hoff; * sizeof header incl. bitmap, padding
*/

[xnN - 23 bytes - ~*/

bits8 t_bits[1];  /* bitmap of NULLs -~ VARIABLE LENG

70 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;
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40 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
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