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Contrib PostgreSQL ꜟכꜙ☺⸗ ─ ╩ꜟכꜙ☺⸗ ∆⁹ ≢ ≢⅝╢

Contrib ─ꜟכꜙ☺⸗ │ⱴ♬ꜙ▪ꜟ₈Appendix F. 

Additional Supplied Modules 1₉⌐ ↕╣≡™╢⁹ 

ECPG PostgreSQL ⅜ ∆╢ ╘ ╖ SQL ─√╘─ⱪꜞⱪ

꜡☿♇◘ 

EnterpriseDB  Postgres Plus ╩ ⇔≡™╢  
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Global Unified Configuration  

OID ○Ⱪ☺▼◒♩ ID ☻כⱬ♃כ♦  ≢ ↕╣╢○Ⱪ☺▼◒♩╩ ∆╢ ID

≢⁸ ⌂⇔ 32ⱦ♇♩ ╩ ≈⁹ 

PL/pgSQL  PostgreSQL ꜗ☺כ◦꜡ⱪה♪▪♩☻─ ─└≤≈ 

Oracle Database ─ PL/SQL ≤№╢ ⅜№╢⁹ 

Postgres Plus  PostgreSQL ╩ⱬכ☻⌐⇔√ ☻כⱬ♃כ♦  

 

PostgreSQL 

 

☻כⱬ♃כ♦☻כ♁ⱪfiכ○  

psql PostgreSQL ⌐ ∆╢ SQL ╩ ▫♥כꜚ─╘√╢∆
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TID (Tuple ID) ꜟⱩכ♥  ╩♪כ◖꜠─ ⌐ ∆ ID⁹꜠◖כ♪─

╩ ∆⁹ 

WAL  PostgreSQL ─♩ꜝfi◙◒◦ꜛfiה꜡◓ Write Ahead 

Logging ⱨ□▬ꜟ 
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 ◓꜡Ⱪ▬◌כ▪

 

ꜞ◌Ᵽꜞכ⌐ ↕╣╢WAL ─◖Ⱨכ 

  

                                                   

1 https://www.postgresql.org/docs/9.6/static/contrib.html  

https://www.postgresql.org/docs/9.6/static/contrib.html
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 1   

/   

◦☻♥ⱶה◌♃꜡◓ PostgreSQL ☻כⱬ♃כ♦ ─ⱷ♃ ╩ ⇔≡™╢

 

♃ⱪꜟ 

 

ꜟⱩכ♥ ╩♪כ◖꜠─ ∆ 

♃☻ꜝ◒ה☻כⱬ♃כ♦

 כ

PostgreSQL ☻כⱬ♃כ♦ ─ ⅜ ↕╣≡™╢

♦▫꜠◒♩ꜞ 

 fiꜛ◦כ꜠ꜞ

 

≥fiꜛ◦כ꜠ꜞ╩ꜟⱩכ♥ ┬ ⅜№╢ 

ꜟⱩכ♥  ○Ⱪ☺▼◒♩⅜ ↕╣╢ⱨ□▬ꜟ◦☻♥ⱶ ─♦▫꜠◒

♩ꜞ⁹ ≤ ┌╣╢ ╙№╢⁹ 
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1. ⌐≈™≡ 

1.1 ─  

 │ PostgreSQL ╩ ∆╢◄fi☺♬▪ ↑⌐⁸PostgreSQL ─ ╛ⱴ♬ꜙ▪

ꜟ⌐ ↕╣≡™⌂™ ⌐ ∆╢ ╩ ∆╢↓≤╩ ≤⇔≡™╕∆⁹ 

1.2 ─  

 │⁸ ⌐№╢ PostgreSQL ⌐ ∆╢ ╩ ∫≡™╢◄fi☺♬▪ ↑⌐

⇔≡™╕∆⁹▬fi☻♩⁸ꜟכ ⌂ │ ≢⅝╢↓≤╩ ≤⇔≡™╕∆⁹ 

1.3 ─  

 ─ │ PostgreSQL ⅜ ─☺כ꜠♩☻╢∆ ╛⁸ⱴ♬ꜙ▪ꜟ⌐│

↕╣≡™⌂™ ─ ⅜ ≢∆⁹ ⅜ ⌐ ⇔√ ╩╕≤╘√

≢№╢√╘⁸ ꜠ⱬꜟ╛ ⌐┌╠≈⅝⅜№╡╕∆⁹ 

1.4 ─ Ᵽכ☺ꜛfi 

 │ ≤⇔≡ ─Ᵽכ☺ꜛfi╩ ─ ≤⇔≡™╕∆⁹ 

 

 2 Ᵽכ☺ꜛfi 

 Ᵽכ☺ꜛfi  

 PostgreSQL 9.6 9.6.2 ☻כⱬ♃כ♦

○Ɑ꜠כ♥▫fi◓ה

◦☻♥ⱶ 

Red Hat Enterprise Linux 7 Update 1 (x86-64) 3.10.0-229 

Microsoft Windows Server 2008 R2   

 

1.5 ─  

│ ⅜№╣┌ ∆╢ ≢∆⅜⁸ ╛ │ ⇔≡™╕∑╪⁹ 
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1.6 ⌐ ∆╢ ה ⅔╟┘  

 ─ │ ⱥꜙה♩♇꜠כⱤ♇◌כ♪ ─ ≢│№╡╕∑╪⁹╕√

─ ™⌐╟╡ ∂√ ⌐≈™≡ ⅔╟┘ │ ╩ ™╕∑╪⁹

⌐ ∆╢↔ ⁸↔ ⌐≈™≡│ ⱥꜙה♩♇꜠כⱤ♇◌כ♪  ♥◒ⱡ꜡

◓fi◘ꜟ♥▫fi◖כ☺  noriyoshi.shinoda@hp e.com ╕≢⅔ ╠∑ↄ

∞↕™⁹ 

1.7  

1.7.1 ─  

 {} ≢ ╕╣√ │⁸ ⅛─ ⌐ ↕╣╢↓≤╩ ⇔≡™╕∆⁹

─ ╩ ⇔╕∆⁹ 

 

 3  

   

{999999} ─  16495 

{9} ─  1 

{ARCHIVEDFILE} ꜟ▬□ⱨה◓꜡Ⱪ▬◌כ▪   0000000100000000000000A8 

{ARCHIVEDIR} ◓꜡Ⱪ▬◌כ▪  ♦▫꜠◒♩

ꜞ 

/usr/local/pgsql/ arch ive 

{BACKUPLABEL}  Ᵽ♇◒▪♇ⱪ ⌐ ↕╣╢

ꜝⱬꜟ  

pg_basebackup base backup 

{BGWORKER}  ◌☻♃ⱶWorker ⱪ꜡☿☻  custom_worker  

{DATE}  ≤  2017-02-11_122532 

{HOME}  psql ◖ⱴfi♪ כⱱ─כ◙כꜚ

ⱶה♦▫꜠◒♩ꜞ 

/home/postgres 

{INSTALL}  PostgreSQL ▬fi☻♩הꜟכ♦▫

꜠◒♩ꜞ 

/usr/local/pgsql  

{MODULENAME}  Contrib ─ꜟכꜙ☺⸗  auto_explain  

{OID}  ─ OID  12993 

{PARAMETER}  Ɽꜝⱷכ♃כ─  log_checkpoints 

{PASSWORD} ↕╣⌂™Ɽ☻꞉כ♪ secret 

{PGDATA} כ♃☻ꜝ◒ה☻כⱬ♃כ♦  ♦▫

꜠◒♩ꜞ 

/usr/local/pgsql /data  

mailto:noriyoshi.shinoda@hpe.com
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 3  

   

{PGDATABASE} ☻כⱬ♃כ♦   datadb1 

{PGUSER} ꜚכ◙כ  user1 

{PID}  ⱪ꜡☿☻ ID  3468 

{PORT} ∟ⱳכ♩  5432 

{RELFILENODE} ⌐ꜟⱩכ♥  ∆╢ⱨ□▬ꜟ

⁸pg_class◌♃꜡◓─

relfilenode ⌐  

16531 

{SERVICENAME} ☻ⱦכ◘   postgresql -9.6.2.service 

{SLOT}  ꜠ⱪꜞ◔כ◦ꜛfiה☻꜡♇♩  slot_1 

{SOURCE} Ɽꜝⱷכ♃כ ─ⱴ◒꜡  

{SQL} ─ SQL  SELECT * FROM table1  

{TABLE} ꜟⱩכ♥─   table1  

{TABLESPACEDIR} ꜟⱩכ♥  ♦▫꜠◒♩ꜞ /usr/local/pgsql/ ts1 

{TCP/IP (PORT)}  ◒ꜝ▬▪fi♩─ TCP/IP ▪♪꜠

☻≤ⱳכ♩  

192.168.1.100(65327) 

{VERSION}  Ᵽכ☺ꜛfi  9.6 

{WALFILE}  WAL ⱨ□▬ꜟ  0000000100000000000000B0 

{WALOFFSET}  WAL ○ⱨ☿♇♩ 5225832 

{YYYYMMDDN}  ⱨ◊כⱴ♇♩  201608131 

${ } ⅜ ↕╣╢↓≤╩

∆ 

${PGDATA}  

 

1.7.2 ─  

  ⌐│◖ⱴfi♪╛ SQL ─ ⅜ ╕╣╕∆⁹ │ ─ ≢ ⇔≡™╕

∆⁹ 
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 4 ─  

  

# Linux root  ♩ⱪ꜡fiⱪ─כ◙כꜚ

$ Linux  ♩ⱪ꜡fiⱪ─כ◙כꜚ

⅜כ◙כꜚ  ∆╢  

postgres=# PostgreSQL ⅜ ∆╢ psql ⱪ꜡fiⱪ♩ 

postgres=> PostgreSQL ⅜כ◙כꜚ ∆╢ psql ⱪ꜡fiⱪ♩ 

backend> ☻♃fi♪▪꜡fiכ⸗ה♪─ⱪ꜡fiⱪ♩ 

<< >> ─ ╩ ⇔≡™╢↓≤╩ ∆⁹ 

<< >> ─ ╩ ⇔≡™╢↓≤╩ ∆⁹ 
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2. ⱪ꜡☿☻≤ⱷ⸗ꜞכ 

2.1 ⱪ꜡☿☻  

2.1.1 ⱪ꜡☿☻─  

  PostgreSQL ─ⱪ꜡☿☻ │⁸postmaster 2╩ ⱪ꜡☿☻≤⇔√⁸ ─Ᵽ♇◒◄fi♪ה

ⱪ ꜡ ☿ ☻ ⅛ ╠ ↕ ╣ ╕ ∆ ⁹ postmaster ⱪ ꜡ ☿ ☻ ─ ⱪ ꜡ ☿ ☻ ID │ ⁸

{PGDATA }/postmaster.pid ⱨ□▬ꜟ⌐ ↕╣╕∆⁹▬fi☻♃fi☻⅜ ⌐ ⇔√

⌐│↓─ⱨ□▬ꜟ│ ↕╣╕∆⁹◒ꜝ▬▪fi♩│ postmaster ⱪ꜡☿☻⅜ꜞ♇☻fi∆╢ⱳ

⌐♩כ ⇔≡ ╩ ™╕∆⁹ 

 

 1 ⱪ꜡☿☻─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ≢│ⱪ꜡☿☻ ID 2680 ⅜ postmaster ⱪ꜡☿☻⌐⌂╡╕∆⁹∕─ ─ⱪ꜡☿☻

│∆═≡ postmaster ⱪ꜡☿☻─ ⱪ꜡☿☻≢№╢↓≤⅜╦⅛╡╕∆⁹postmaster ⱪ꜡☿

☻│◒ꜝ▬▪fi♩⅛╠─ ╩ ↑≡ ╩ ™⁸SQL ╩ ∆╢ ⱪ꜡☿☻≤⇔≡

postgresⱪ꜡☿☻╩ ⇔╕∆⁹  

                                                   

2 ∆═≡─ⱪ꜡☿☻─ ≤⌂╢ postgres ⱪ꜡☿☻╩ ⌂ ≢ postmaster ≤ ╪≢™╕

∆⁹ 

 כⱣכ◘ה☻כⱬ♃כ♦

Instance  

postmaster 

logger  writer  

stats  collector  

postgres  

postgres  

postgres  

 

wal writer  

archiver  
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 1 ⱪ꜡☿☻ ─  

 

 

 

 

 

 

 

 

 

 

 

2.1.2 ⱪ꜡☿☻  

 PostgreSQL ▬fi☻♃fi☻│ ─ ╡ ─ⱪ꜡☿☻⅛╠ ↕╣╕∆⁹ps ◖ⱴfi♪

≢ ⇔√ ⱪ꜡☿☻─ │ ─ ╡⌐⌂╡╕∆⁹Ɽꜝⱷכ♃כ

update_process_title ╩ on⌐ ∆╢↓≤≢ⱪ꜡☿☻ ─ ⅜ ⇔╕∆ ♦ⱨ◊ꜟ♩

on ⁹ 

 

  

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

postgres  2680     1  0 10:25 ?    00:00:00 /usr/local/pgsql/bin/postgres - D 

/usr/local/pgsql/data  

postgres  2681  2680  0 10:25 ?     00:00:00 postgres: logger process  

postgres  2683  2680  0 10:25 ?     00:00:00 postgres: checkpointer process  

postgres  2684  2680  0 10:25 ?     00:00:00 postgres: writer process  

postgres  2685  2680  0 10:25 ?     00:00:00 postgres: wal w riter process  

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

postgres  2687  2680  0 10:25 ?      00:00:00 postgres: stats collector process  
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 5 ⱪ꜡☿☻  

ⱪ꜡☿☻ ⱪ꜡☿☻  

postmaster  {INSTALL}/bin/postgres ðD {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   last was   {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 ò{BACKUP_LABEL} ó 

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 ─ ≢№╢Ɽꜝⱷכ♃כcluster_name ╩ ∆╢≤⁸ⱪ꜡☿☻

─ ⌐ ↕╣√ ⅜ ↕╣╕∆⁹ │Ɽꜝⱷכ♃כcluster_name ⌐ cluster1

╩ ⇔√ ≢∆⁹ 

 

 2 Ɽꜝⱷכ♃כcluster_name  

 

 

 

 

 

 

 

 

$ ps Έef | grep postgres  

postgres 12364     1  0 06:14 pts/0    00:00:00 / usr/local/pgsql/bin/postgres - D data 

postgres 12365 12364  0 06:14 ?        00:00:00 postgres: cluster1 : logger process  

postgres 12367 12364  0 06:14 ?        00:00:00 postgres: cluster1 : checkpointer proces s 

postgres 12368 12364  0 06:14 ?        00:00:00 postgres: cluster1 : writer process  

postgres 12369 12364  0 06:14 ?        00:00:00 postgres: cluster1 : wal writer process  

postgres 12370 12364  0 06:14 ?      00:00:00 postgres: cluster1 : autovacuum launcher process  

postgres 12371 12364  0 06:14 ?        00:00:00 postgres: cluster1 : stats collector process  
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⅛╠╦⅛╢╟℮⌐postmaster ⱪ꜡☿☻─ⱪ꜡☿☻ כ♃☻ꜝ◒│⌐ │ ↕╣╕∑

╪⁹Ɽꜝⱷכ♃כcluster_name ⌐ ≢⅝╢ │ ASCII 0x20 0x7E ─╖≢

∆⁹↓╣ ◒כⱴהfiꜛ♅☻◄◒│♪כ◖─ ? ⌐ ↕╣≡ ↕╣╕∆⁹ 

 

2.1.3 ⱪ꜡☿☻≤◦◓♫ꜟ 

 ▬fi☻♃fi☻╩ ∆╢Ᵽ♇◒◄fi♪הⱪ꜡☿☻⌐ ─◦◓♫ꜟ╩ ∆╢↓≤≢▪

◒◦ꜛfi╩ ↕∑╢↓≤⅜≢⅝╕∆⁹↓↓≢│™ↄ≈⅛─◦◓♫ꜟ╩ ⇔√ ─

⌐≈™≡ ⇔≡™╕∆⁹ 

 

ẽ SIGKILL ◦◓♫ꜟ 

 postmaster ⱪ꜡☿☻⅜ KILL ◦◓♫ꜟ╩ ⇔√ ⌐│ ⱪ꜡☿☻╙ ╘≡ ⱪ꜡

☿☻⅜ ⇔╕∆⁹↓─ ⌐ postmaster.pid ⱨ□▬ꜟ│ ↕╣╕∑╪⁹ ⌐

│ ─꜡◓⅜ ↕╣╕∆⅜⁸▬fi☻♃fi☻ │ ⌐ ⇔╕∆⁹ 

 

 3 ─ ꜡◓ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 postgresⱪ꜡☿☻⅜ KILL ◦◓♫ꜟ ╩ ╗ ∆╢≤⁸ ∆╢ⱪ꜡☿☻

∞↑≢⌂ↄ⁸▬fi☻♃fi☻⌐ ↕╣√ ☿♇◦ꜛfi⅜ꜞ☿♇♩↕╣╕∆⁹▬fi☻♃fi☻

≢ ─♩ꜝfi◙◒◦ꜛfi│∆═≡꜡כꜟⱣ♇◒↕╣⁸◦◓♫ꜟ ─ SQL

╩☻☿꜡⁹postgresⱪ∆╕╡⌂⌐כꜝ◄≡═∆│ ⌐ ↕∑╢⌐│⁸

pg_cancel_backend SIGINT ◦◓♫ꜟ╩ ⁸╕√│ pg_terminate_backend

SIGTERM ◦◓♫ꜟ╩ ╩ ⇔╕∆⁹ 

  

LOG:  database system was interrupted; last known up at 2017 - 02- 11 11:12:03 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  
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 4 KILL ◦◓♫ꜟ ─꜡◓ 

 

 

 

 

 

 

 

 

 

 

 

 Ᵽ♇◒◄fi♪הⱪ꜡☿☻⅜◦◓♫ꜟ╩ ⇔√ ─ │ ─ ╡≢∆⁹

SIG_IGN │◦◓♫ꜟ ⁸SIG_DFL │ Linux ⱪ꜡☿☻─♦ⱨ◊ꜟ♩─ ╩ ⇔╕∆⁹ 

 

¶ postgresⱪ꜡☿☻─◦◓♫ꜟ ─  

postgresⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

 6 postgresⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  SigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  StatementCancelHandler  ─♩ꜝfi◙◒◦ꜛfi─  

pg_cancel_backend ─  

SIGTERM  die ♩ꜝfi◙◒◦ꜛfi ≤ⱪ꜡☿☻  

pg_terminate_backend ─  

SIGQUIT  quickdie ╕√│ die  

SIGALRM  handle_sig_alarm  ♃▬ⱶ▪►♩  

SIGPIPE  SIG_IGN   

SIGUSR1  procsignal_sigusr1_handler  ꜞ◌Ᵽꜞכ  

SIGUSR2  SIG_IGN   

SIGFPE  FloatExceptionHandler  ERROR ꜡◓  

SIGCHLD  SIG_DFL   

 

¶ autovacuum launcher ⱪ꜡☿☻─◦◓♫ꜟ ─  

autovacuum launcher ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

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 command. 

LOG:  all server processes terminated; reinitializing  
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 7 autovacuum launcher ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  av_sighup_handler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  StatementCancelHandler  ─♩ꜝfi◙◒◦ꜛfi─  

SIGTERM  avl_sigterm_handler   

SIGQUIT  quickdie  ꜡◓  

SIGALRM  handle_sig_alarm  ♃▬ⱶ▪►♩  

SIGPIPE  SIG_IGN   

SIGUSR1  procsignal_sigusr1_handler  ꜞ◌Ᵽꜞכ  

SIGUSR2  avl_sigusr2_handler  autovacuum worker  

SIGFPE  FloatExceptionHandler  ERROR ꜡◓  

SIGCHLD  SIG_DFL   

 

¶ bgworker ⱪ꜡☿☻─◦◓♫ꜟ ─  

bgworker ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

 8 bgworker ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  SIG_IGN   

SIGINT  StatementCancelHandler  ─♩ꜝfi◙◒◦ꜛfi─  

SIG_IGN   

SIGTERM  bgworker_die  FATAL ─◓꜡כꜝ◄  

SIGQUIT  bgworker_quickdie   

SIGALRM  handle_sig_alarm  ♃▬ⱶ▪►♩  

SIGPIPE  SIG_IGN   

SIGUSR1  procsignal_sigusr1_handler  ꜞ◌Ᵽꜞכ  

bgworker_sigusr1_handler  latch_sigusr1_handler  ꜟכ◖╩

SIGUSR2  SIG_IGN   

SIGFPE  FloatExceptionHandler  ERROR ꜡◓  

SIG_IGN   

SIGCHLD  SIG_DFL   

 

¶ writer ⱪ꜡☿☻─◦◓♫ꜟ ─  

writer ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 
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 9 writer ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  BgSigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  SIG_IGN   

SIGTERM  ReqShutdownHandler   

SIGQUIT  bg_quickdie   

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  bgwriter_sigusr1_handler  latch_sigusr1_handler  ꜟכ◖╩

SIGUSR2  SIG_IGN   

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   

 

¶ checkpointer ⱪ꜡☿☻─◦◓♫ꜟ ─  

checkpointer ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 
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 10 checkpointer ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  ChkptSigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  ReqCheckpointHandler  ♅▼♇◒ⱳ▬fi♩─ ꜞ◒◄☻♩ 

SIGTERM  SIG_IGN   

SIGQUIT  chkpt_quickdie   

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  chkpt_sigusr1_handler  latch_sigusr1_handler  ꜟכ◖╩

SIGUSR2  ReqShutdownHandler  WAL ≥☼כ꜡◒─  

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   

 

 checkpointer ⱪ꜡☿☻⌐ SIGINT ◦◓♫ꜟ╩ ∆╢≤⁸♅▼♇◒ⱳ▬fi♩⅜ ↕╣

╕∆⁹ √∞⇔↓─ ≢│Ɽꜝⱷכ♃כlog_checkpoints ╩ on⌐ ⇔≡╙꜡◓⅜ ↕

╣╕∑╪⁹pg_stat_bgwriter ◌♃꜡◓│ ↕╣╕∆⁹ 

 

¶ stats collector ⱪ꜡☿☻─◦◓♫ꜟ ─  

 stats collector ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 
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 11 stats collector ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  pgstat_sighup_handler  ⱨ□▬ꜟ─ ╖ ╖ 

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   

 

¶ postmaster ⱪ꜡☿☻─◦◓♫ꜟ ─  

 postmaster ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 
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 12 postmaster ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  SIGHUP_handler  ⱨ□▬ꜟ─ ╖ ╖ 

ⱪ꜡☿☻⌐ SIGHUP ◦◓♫ꜟ  

SIGINT  pmdie  FAST ◦ꜗ♇♩♄►fi 

SIGTERM  pmdie  SMART ◦ꜗ♇♩♄►fi 

SIGQUIT  pmdie  IMMEDIATE ◦ꜗ♇♩♄►fi 

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  sigusr1_handler  ⱪ꜡☿☻⅛╠─◦◓♫ꜟ  

SIGUSR2  dummy_handler  ╙⇔⌂™ 

SIGCHLD  reaper  ⱪ꜡☿☻ ─  

Ᵽ♇◒◄fi♪הⱪ꜡☿☻─  

SIGTTIN  SIG_IGN   

SIGTTOU  SIG_IGN   

SIGXFSZ  SIG_IGN   

 

  postmaster ⱪ꜡☿☻⌐ SIGHUP ◦◓♫ꜟ╩ ∆╢≤⁸postgresql.conf ⱨ□▬ꜟ

postgresql.auto.conf⁸pg_*.conf ⱨ□▬ꜟ╙ ─ ╖ ╖⅜ ╦╣╕∆⁹↓╣│

pg_ctl reload ◖ⱴfi♪─ ≤ ∂≢∆⁹ ─꜡◓⅜ ↕╣╕∆⁹ 

 

 5 ⱨ□▬ꜟ─ ╖ ╖ 

 

 

 

¶ startup ⱪ꜡☿☻─◦◓♫ꜟ ─  

 startup ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

  

LOG:  received SIGHUP, reloading configuration files  
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 13 startup ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  StartupProcSigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  SIG_IGN   

SIGTERM  StartupProcShutdownHandler  ⱪ꜡☿☻  

SIGQUIT  startupproc_quickdie   

SIGALRM  handle_sig_alarm  ♃▬ⱶ▪►♩  

SIGPIPE  SIG_IGN   

SIGUSR1  StartupProcSigUsr1Handler  latch_sigusr1_handler  ꜟכ◖╩

SIGUSR2  StartupProcTriggerHandler  ꜞ◌Ᵽꜞכ╩ ,ⱴ☻♃כ⌐ⱪ꜡⸗כ

♩ 

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   

 

¶ loggerⱪ꜡☿☻─◦◓♫ꜟ ─  

 logger ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 
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 14 logger ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  sigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

꜡◓ ─ ≤♦▫꜠◒♩ꜞ  

SIGINT  SIG_IGN   

SIGTERM  SIG_IGN   

SIGQUIT  SIG_IGN   

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  sigUsr1Handler fiꜛ◦כ♥כ꜡─◓꜡   

SIGUSR2  SIG_IGN   

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   

 

¶ wal writer ⱪ꜡☿☻─◦◓♫ꜟ ─  

 wal writer ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

 15 wal writer ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  WalSigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  WalShutdownHandler   

SIGTERM  WalShutdownHandler   

SIGQUIT  wal_quickdie   

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  walwriter_sigusr1_handler  latch_sigusr1_handler  ꜟכ◖╩

SIGUSR2  SIG_IGN   

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   
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¶ archiver ⱪ꜡☿☻─◦◓♫ꜟ ─  

 archiver ⱪ꜡☿☻─◦◓♫ꜟ ─ │ ─ ╡≢∆⁹ 

 

 16 archiver ⱪ꜡☿☻─  

◦◓♫ꜟ Ɫfi♪ꜝכ  

SIGHUP  ArchSigHupHandler  ⱨ□▬ꜟ─ ╖ ╖ 

SIGINT  SIG_IGN   

SIGTERM  ArchSigTermHandler   

SIGQUIT  pgarch_exit   

SIGALRM  SIG_IGN   

SIGPIPE  SIG_IGN   

SIGUSR1  pgarch_waken Ⱪ▬◌כ▪   

SIGUSR2  pgarch_waken_stop Ⱪ▬◌כ▪   

SIGCHLD  SIG_DFL   

SIGTTIN  SIG_DFL   

SIGTTOU  SIG_DFL   

SIGCONT  SIG_DFL   

SIGWINCH  SIG_DFL   

 

2.1.4 ⱪ꜡☿☻─ ≤  

 checkpointer⁸writer ⁸stats collector ⱪ꜡☿☻│ ⌐ ↕╣╕∆⁹∕─ ─ⱪ꜡☿☻

─ ─♃▬Ⱶfi◓│ ─ ╡≢∆⁹postmaster ─ ⱪ꜡☿☻│ ⌐ ⱪ꜡

☿☻≢№╢ postmaster ⱪ꜡☿☻─ ╩♅▼♇◒⇔≡⅔╡⁸postmaster ⱪ꜡☿☻⅜

⇔≡™╢↓≤╩ ∆╢≤ ⱪ꜡☿☻╩ ⇔╕∆⁹ 
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 17 ⱪ꜡☿☻─  

ⱪ꜡☿☻ ─♃▬Ⱶfi◓ 

logger Ɽꜝⱷכ♃כlogging_collector = on ─ ⌐ ♦ⱨ◊ꜟ♩

off  

autovacuum launcher  Ɽꜝⱷכ♃כautovacuum = on ─ ⌐ ♦ⱨ◊ꜟ♩ on  

autovacuum worker  autovacuum launcher ⱪ ꜡ ☿ ☻ ⅜ Ɽ ꜝ ⱷ כ ♃ כ

autovacuum_naptime ≢ ↕╣√ ♦ⱨ◊ꜟ♩ 1 ≢

⁸ ⅜ ∆╢≤  

archiver  ☻♃fi♪▪꜡fi╕√│꜠ⱪꜞ◔כ◦ꜛfi ─ⱴ☻♃הכ▬fi

☻♃fi☻≢│Ɽꜝⱷכ♃כarchive_mode = on ╕√│ always

─ ⌐ ♦ⱨ◊ꜟ♩ off  

꜠ⱪꜞ◔כ◦ꜛfi fi☻♃fi☻≢│⁸▬הⱩכ꜠☻─

archive_mode = always ─ ─╖  

postgres (local)  ◒ꜝ▬▪fi♩─꜡כ◌ꜟ ⌐ ⁸ ⌐  

postgres (remote)  ◒ꜝ▬▪fi♩─ꜞ⸗כ♩ ⌐ ⁸ ⌐  

wal  sender כꜞ♩☻הⱵfi◓ה꜠ⱪꜞ◔כ◦ꜛfi ─ⱴ☻♃הכ▬fi☻

♃fi☻≢ ⅜☻fi☻♃fi▬הⱩכ꜠☻⁹ ⇔≡ↄ╢≤ ⁸

∆╢≤ ⁹ 

pg_basebackup◖ⱴfi♪⌐╟╢Ᵽ♇◒▪♇ⱪה ⌐ ⁸

∆╢≤  

wal receiver fiꜛ◦כ◔ꜞⱪ꜠ה◓Ⱶfiכꜞ♩☻  ♃☻fi▬הⱩכ꜠☻─

fi☻≢ ⁹ⱴ☻♃הכ▬fi☻♃fi☻⅜ ∆╢≤⁸ ⌐

⁹ⱴ☻♃הכ▬fi☻♃fi☻⅜ ↕╣╢≤  

startup process fiꜛ◦כ◔ꜞⱪ꜠ה◓Ⱶfiכꜞ♩☻  ♃☻fi▬הⱩכ꜠☻─

fi☻≢  

wal writer  ꜠ⱪꜞ◔כ◦ꜛfi │≢☻fi☻♃fi▬הⱩכ꜠☻─ ⇔⌂

™⁹∕╣ ≢│ ⌐  

bgworker  ◌☻♃ⱶהⱪ꜡☿☻─ ⌐╟╡ ⅜ ∆╢ 

parallel worker  Parallel  Query ⌐ ⁸SQL ⌐  

 

ẽ autovacuum worker ⱪ꜡☿☻  

 autovacuum worker ⱪ꜡☿☻│⁸ⱪ꜡☿☻ ⅛╠ ☻כⱬ♃כ♦⌐℮╟╢ ≢ ↕

╣╕∆⁹ ↕╣╢ │Ɽꜝⱷכ♃כautovacuum_max_workers ♦ⱨ◊ꜟ♩ 3

≢ ╕╡╕∆⁹ worker ⱪ꜡☿☻│♥כⱩꜟ ≢ ╩ ™╕∆⁹ 
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ẽ postgresⱪ꜡☿☻  

 ◒ꜝ▬▪fi♩⅜ ∆╢≤ ⌐ postgresⱪ꜡☿☻⅜ ⇔╕∆⁹postgresⱪ꜡☿☻

─ │Ɽꜝⱷכ♃כmax_connections ♦ⱨ◊ꜟ♩ 100 ⌐ ↕╣╕∆⁹ 

SUPERUSER ╩ √⌂™ ⅜כ◙כꜚ ≢⅝╢ │₈max_connections ñ 

superuser_reserved_connection s ♦ⱨ◊ꜟ♩ 3 ₉─ ⌐⌂╡╕∆⁹↓─ ╩

∆╢ ⅜№╢≤ ─꜡◓⅜ ↕╣╕∆⁹ 

 

─כ◙כꜚ 6   

 

 

 

 

 7 Ɽꜝⱷכ♃כmax_connections ≢ ↕╣√  

 

 

 

2.1.5 Microsoft Windows ─ⱪ꜡☿☻  

 Microsoft Windows ≢ ∆╢PostgreSQL │Windows Service ≤⇔≡ ↕╣╕∆⁹

Windows Service ≤⇔≡ ↕╣╢ ▬ⱷכ☺│ pg_ctl.exe ≢∆⁹pg_ctl .exe─ ⱪ꜡

☿☻≤⇔≡ postgres.exe⅜ ↕╣⁸postmaster ≤⇔≡ ⇔╕∆⁹ │ Windows

⌐⅔↑╢ⱪ꜡☿☻─ ╩ ⇔≡™╕∆⁹ 

 

 2 Windows ─ⱪ꜡☿☻  

 

 

 

  

FATAL:  remaining connection slots are reserved for non - replication superuser 

connections  

FATAL:  sorry, too many clients already  
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2.2 ⱷ⸗ꜞכ  

2.2.1 Ᵽ♇ⱨ□  

 PostgreSQL │Ⱪ꜡♇◒─◐ꜗ♇◦ꜙ╩₈ Ᵽ♇ⱨ□₉≤ ┬ⱷ⸗ꜞכ ⌐ ⇔⁸

─Ᵽ♇◒◄fi♪הⱪ꜡☿☻ ≢ ⇔╕∆⁹PostgreSQL ▬fi☻♃fi☻⅜ ∆╢

Ᵽ♇ⱨ□│⁸System V  Shared Memory  shmget ◦☻♥ⱶ◖כꜟ ≤ⱷ⸗ꜞכⱴ♇ⱪ♪

ⱨ□▬ꜟ mmap ◦☻♥ⱶ◖כꜟ ⅛╠ ↕╣╕∆⁹ ⱪ꜡☿☻ ≢ ⇔≡ ∆╢√

╘─꜡♇◒ ⌐│ System V ☿ⱴⱨ◊⅜ ↕╣╕∆⁹ ∆╢◒ꜝ▬▪fi♩⅜ ⇔≡

╙☿ⱴⱨ◊ה☿♇♩─ │ ↕╣╕∑╪⁹ 

 

 8 ⱷ⸗ꜞכ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ▬fi☻♃fi☻⅜ ∆╢≤⁸ Ᵽ♇ⱨ□⅔╟┘☿ⱴⱨ◊⅜ ∫≡⇔╕℮↓≤⅜№

╡╕∆⅜⁸▬fi☻♃fi☻─ │ ⌐ ╦╣╕∆⁹ 

 

$ ipcs Έa 

------  Shared Memory Segments --------  

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  

 

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

key        msqid      owner      perms      used - bytes   messages  
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2.2.2 Ᵽ♇ⱨ□─  

 Linux ⌐⅔↑╢ System V Shared Memory │⁸shmget ◦☻♥ⱶ◖כꜟ╩ ∫≡

⇔╕∆⁹System V Shared Memory ─ ⌐│⁸ⱱ☻♩ ≢ כ◐⌂ ≤◘▬☼╩

∆╢ כ◐⁹∆╕╡№⅜ │ ─ ╩ ∫≡ ⅜כ◐⁹∆╕╣↕ ⌐

↕╣≡™╢ ⌐│⁸ ╩▬fi◒ꜞⱷfi♩↕∑⌂⅜╠ ⅝ ╩ ⇔╕∆⁹↓─ כ♁│

♪כ◖☻ src/backend/port/sysv_shmem.c ─ PGSharedMemoryCreate ≢

⇔≡™╕∆⁹ 

 

 1 ⱷ⸗ꜞכ◐─כ  

 

 

 ≢│ ╩ ≈ⱳכ♩ Ɽꜝⱷכ♃ port │ 5,432≢№╢√╘⁸ ⱷ⸗ꜞכ

│כ◐─ 5,432,001 (= 0x52e2c1) ≤⌂╡╕∆⁹PostgreSQL 9.3 │ System V Shared 

Memory ≤⇔≡ ↕╣╢ⱷ⸗ꜞכ │ PGShmemHeader

include/storage/pg_shmem.h ☻◒♇♦Ⱪꜟ╛▬fiכ♥ ⁹∆≢☼▬◘─ ⌐ ↕╣

╢ Ᵽ♇ⱨ□─ │⁸ⱷ⸗ꜞכⱴ♇ⱪ♪ⱨ□▬ꜟ mmap ◦☻♥ⱶ◖כꜟ ≢

↕╣╕∆⁹mmap ≢ ↕╣╢ⱷ⸗ꜞכ ─◘▬☼│ 100 KB ⌐⁸ Ɽꜝⱷכ♃כ⅛

╠ ↕╣╢ ╩ ⇔√ ⌐⌂╡╕∆⁹Windows ≢│⁸CreateFileMapping ◦

☻♥ⱶ◖כꜟ⌐╟╢ ⱷ⸗ꜞכ╩ ⇔╕∆ src/backend/port/win32_shmem.c ⁹ 

2.2.3 Huge Pages 

  ⱷ⸗ꜞכ╩ ⇔√ Linux ≢│ⱷ⸗ꜞכ ╩ ∆╢√╘⌐ Huge Pages

╩ ∆╢↓≤⅜≢⅝╕∆⁹Huge Pages┼─ │ PostgreSQL 9.4 ─ ≢№╡⁸Ɽ

ꜝⱷכ♃כhuge_pages⌐╟╡ ↕╣╕∆⁹Huge Pages╩ ∆╢ ─Ɑה☺כ◘▬

☼│ 2 MB ≢∆ 2 × 1,024 × 1,024Ᵽ▬♩ ⁹  Huge Pages╩ ∆╢ ⁸ ↕

╣╢ ⱷ⸗ꜞכ─◘▬☼│ ╩ ⌐ 2 MB ─ ⌐ ↕╣⁸mmap ◦☻♥ⱶ◖כ

ꜟ⌐MAP_HUGETLB ⱴ◒꜡⅜ ↕╣╕∆⁹ 

 

ẽ Ɽꜝⱷכ♃כ  

 PostgreSQL ⅜ ∆╢ ⱷ⸗ꜞכ≤⇔≡ Huge Pages╩ ∆╢⌐│⁸Ɽꜝⱷכ♃כ

huge_pages╩ ⇔╕∆⁹ 

 

  

  port * 1000 + 1כ♃כⱤꜝⱷ = כ◐
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 18 Ɽꜝⱷכ♃כhuge_pages⌐ ≢⅝╢  

Ɽꜝⱷכ♃כ    

on Huge Pages╩ ∆╢  

off Huge Pages╩ ⇔⌂™  

try  Huge Pages─ ╩ ⇔⁸ ⅎ╣┌ ℮ ♦ⱨ◊ꜟ♩  

  

 ♦ⱨ◊ꜟ♩ ─ try ╩ ∆╢≤⁸mmap ◦☻♥ⱶ◖כꜟ⌐ MAP_HUGETLB ⱴ◒꜡╩

⇔≡ ⱷ⸗ꜞכ╩ ⇔╟℮≤⇔╕∆⁹ ⌐ ⇔√ │⁸ ⱷ⸗ꜞ⁸╩כ

MAP_HUGETLB ⱴ◒꜡╩ ⇔≡ ⇔╕∆⁹↓─Ɽꜝⱷכ♃כ╩ on⌐ ∆╢≤

⌐ Huge Pages╩ ⇔╕∆⁹ⱪꜝ♇♩ⱨ◊כⱶ⅜ Huge Pages╩◘ⱳכ♩⇔≡™⌂

™ ⁸pg_ctl ◖ⱴfi♪│ ╩☺כ☿♇ⱷהכꜝ◄─ ⇔≡▬fi☻♃fi☻│ ≢⅝╕

∑╪⁹ 

 

 ☺כ☿♇ⱷהכꜝ◄ 9 

 

 

 

ẽ Huge Pages─  

 Linux ≢ Huge Pages╩ vm.nr_hugepagesכ♃כⱤꜝⱷהꜟⱠכ◌│⌐╢∆⌐

⌐ 2 MB ─Ɑכ☺ ─ ╩ ⇔╕∆⁹↓─Ɽꜝⱷכ♃כ─♦ⱨ◊ꜟ♩ │ 0≢

∆⁹ ─ Huge Pages─ │⁸/proc/meminfo ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

 

 10 Linux ─ Huge Pages  

 

 

 

 

 

 

 

 

 

 

 

 

 

FATAL:  huge pages not supported on this platform  

# sysctl Έa | grep nr_hugepages  

vm.nr_hugepages = 0 

vm.nr_hugepages_mempolicy = 0 

# sysctl Έw 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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  Ɽꜝⱷכ♃כhuge_pages=on╩ ⇔√ ≢▬fi☻♃fi☻ ⌐ ⌂Ɑכ☺⅜

≢⅝⌂™ ⁸ ⅜כꜝ◄─ ⇔≡▬fi☻♃fi☻╩ ≢⅝╕∑╪⁹ 

 

 11 Huge PagesⱭכ☺  כꜝ◄

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ Huge Pages ≤⇔≡ ⌂ⱷ⸗ꜞכ ─  

 PostgreSQL ▬fi☻♃fi☻⅜ ∆╢ ⱷ⸗ꜞכ─ │Ɽꜝⱷכ♃כ─ ⅛╠

↕╣╕∆⁹Ɽꜝⱷכ♃כshared_buffers ≤Ɽꜝⱷכ♃כwal_buffers ─ ⌐ 10 50 MB

╩ ⇔╕∆⁹↓─ ─ⱷ⸗ꜞכ │⁸Ɽꜝⱷכ♃כmax_connections⁸

autovacuum_max_workers ⁸max_worker_processes ™ↄ≈⅛─Ɽꜝⱷכ♃כ⅛╠

vm.nr_hugepagesכ♃כⱤꜝⱷהꜟⱠכ◌⁹∆╕╣↕ ⌐│ ─ ╩ 2 MB ⌐ ╡

→≡ ⇔╕∆⁹ 

 ⌂ ⱷ⸗ꜞכ─ ╩ ╢√╘⌐│⁸Ɽꜝⱷכ♃כ log_min_messages ⌐

DEBUG3 ╩ ⇔≡▬fi☻♃fi☻╩ ⇔╕∆⁹▬fi☻♃fi☻ ꜡◓ pg_ctl ñl ≢

⌐ ─ⱷ♇☿כ☺⅜ ↕╣╕∆⁹ 

 

 12 ⱷ⸗ꜞכ  

 

 

Red Hat Enterprise Linux 6.4 ≢│⁸Ⱬ♇♄הⱨ□▬ꜟ⌐ MAP_HUGETLB ⱴ◒꜡⅜

≥╢∆♪ꜟⱦ╠⅛♪כ◖☻כ♁⁸╘√╢™≡⇔ Huge Pages ─Ᵽ▬♫ꜞ⅜

↕╣╕∆⁹Ᵽ▬♫ꜞ ⌐⁸/usr/include/bits /mman.h ⌐ ─ ⅜№╢⅛ ⇔≡

ↄ∞↕™⁹ 

 

# define MAP_HUGETLB    0x40000         /* Create huge page mapping.  */  

 

$ pg_ctl - D data start  - 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.  

DEBUG:  invoking IpcMemoryCreate(size=148324352) 
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2.2.4 ☿ⱴⱨ◊ 

 ☿ⱴⱨ◊│Ᵽ♇◒◄fi♪הⱪ꜡☿☻ ☻כ♁ꜞ≢ ╩ ←꜡♇◒ ─√╘⌐ ↕

╣≡™╕∆⁹PostgreSQL ≢│▬fi☻♃fi☻ ⌐ ─Ɽꜝⱷכ♃כ⅛╠ ↕╣√

─☿ⱴⱨ◊ ⅜ ↕╣╕∆⁹ 

 

 2 ☿ⱴⱨ◊ ─  

 

 

 

 

 

 

  ☿ⱴⱨ◊ ⌐│ 17 ─☿ⱴⱨ◊⅜ ↕╣╕∆⁹Red Hat Enterprise Linux 6 ─

⁸☿ⱴⱨ◊ ♩ꜟ◊ⱨ♦─כ♃כⱤꜝⱷהꜟⱠכ◌─ │ ☿♇◦ꜛfi ⅜ 1,000

┌╣№≢☻כⱬ♃כ♦─ ⌂ ⅜ ↕╣≡™╕∆⁹ 

 

☿ⱴⱨ◊ ⅜כ♃כⱤꜝⱷהꜟⱠכ◌─ ⇔≡™╢ ⁸ ⅜כꜝ◄─ ⇔≡▬fi

☻♃fi☻╩ ≢⅝╕∑╪⁹ 

 

 13 ☿ⱴⱨ◊ ☻כ♁ꜞ─  כꜝ◄

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ᵽ♇◒◄fi♪  = 

max_connections + autovacuum_max_workers + 1 + max_worker_processes  

 

☿ⱴⱨ◊  = CEIL( Ᵽ♇◒◄fi♪ /17 + 1)  

 

$ pg_ctl - D data start  Έw 

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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 ☿ⱴⱨ◊ ⁸│כ◐─ ⱷ⸗ꜞכ◐─כ≤ ∂꜡☺♇◒≢ ↕╣╕∆

src/backend/port/sysv_sema.c ⁹Microsoft Windows ≢│⁸Win dows API ─

CreateSemaphore ╩ ∫ ≡ ☿ ⱴ ⱨ ◊ ╩ ⇔ ≡ ™ ╕ ∆

src/backend/port/win32_sema.c ⁹ 

2.2.5 ♅▼♇◒ⱳ▬fi♩ 

ⱷ⸗ꜞכ꜠♩☻≥כ☺╩ ⇔⁸ ╩ ∆╢ ╩♅▼♇◒ⱳ▬fi♩≤ ┘╕∆⁹

♅▼♇◒ⱳ▬fi♩╩ ∆╢√╘⌐ Ᵽ♇ⱨ□ ≢ ↕╣√Ɑכ꜠♩☻╩☺כ☺⌐

⅝ ╖╩ ™╕∆⁹♅▼♇◒ⱳ▬fi♩│™ↄ≈⅛─♃▬Ⱶfi◓≢ ⇔╕∆⁹ 

 

ẽ ♅▼♇◒ⱳ▬fi♩─  

 ♅▼♇◒ⱳ▬fi♩│ ─ ⌐ ⇔╕∆⁹ 

¶ CHECKPOINT ─  

⅜ CHECKPOINT ╩ ⇔√ ⁹ 

¶ Ɽꜝⱷכ♃כcheckpoint_ timeout ≢ ⇔√  

♦ⱨ◊ꜟ♩≢│ 300 5 ≢ ↕╣╕∆⁹ 

¶ WAL ⌐ ⅝ ♃כ♦√╣╕ ⅜Ɽꜝⱷכ♃כmax_wal_size ⌐ ⇔√  

WAL ≢כ♃כⱤꜝⱷ⅜♃כ♦ ↕╣√ ♦ⱨ◊ꜟ♩ 1GB ∞↑ ⅝ ╕╣√

PostgreSQL 9.5 ≢ ↕╣√Ɽꜝⱷכ♃כ ⁹ 

¶ ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ  

pg_start_backup   

pg_basebackup◖ⱴfi♪  

¶ ▬fi☻♃fi☻  

pg_ctl stop ñm immediate ◖ⱴfi♪ ─ ╩ ↄ 

☻כⱬ♃כ♦ ¶  

CREATE DATABASE / DROP DATABASE  

 

ẽ ♅▼♇◒ⱳ▬fi♩⌐⅔↑╢ ─  

 ♅▼♇◒ⱳ▬fi♩─ ⌐│ ⅜ ≈№╡╕∆⁹ ╛WAL ⅝ ╖ ⌐╟

╡ ∆╢ Regular Checkpoint ≤▬fi☻♃fi☻ ╛ CHECKPOINT ─

Immediate Checkpoint ≢∆⁹Regular Checkpoint ─ ╩□Ᵽ♇ⱨה▫♥כ♄│⌐

⌐ ⅝ ╗─≢│⌂ↄ⁸ ⌐ ╩ ∆╢ ⅜ ↕╣≡™╕∆⁹Ɽꜝⱷכ♃כ

checkpoint_completion_target ─ ⌐╟╡⁸ ─♅▼♇◒ⱳ▬fi♩ Ɽꜝⱷכ♃כ

checkpoint_timeout ≢ ╕≢⌐ ╩ ∆╢ ─ ╩ ⇔╕∆⁹♦ⱨ◊

ꜟ♩ │ 0.5 ⌂─≢⁸ ─♅▼♇◒ⱳ▬fi♩ ╕≢─ 50%─ ≢♅▼♇◒ⱳ▬fi♩

╩ ↕∑╢↓≤⌐⌂╡╕∆⁹ 
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 3 ♅▼♇◒ⱳ▬fi♩─  

 

 

 

 

 

 

 

 

 

 

 

 

 ╖⅜ ⌂Ⱪ꜡♇◒ ⌐ ∆╢ ╖ Ⱪ꜡♇◒ ─ ≤⁸♅▼♇◒ⱳ▬fi♩

Ɽꜝⱷכ♃כcheckpoint_timeout ╩ ⇔≡ ╩ ⇔╕∆⁹ ⅝ ╖ ⌐

⅜№╢ │ 100 Ⱶꜞ ╩ ⇔≡ ╩ ⇔╕∆⁹↓─ │

IsCheckpointOnSchedule src/backend/postmaster/checkpointer.c ≢ ⇔≡™╕

∆⁹ 

 

ẽ ♅▼♇◒ⱳ▬fi♩⌐ ∆╢Ɽꜝⱷכ♃כ 

 ♅▼♇◒ⱳ▬fi♩⌐ ∆╢Ɽꜝⱷכ♃כ│ ─ ╡≢∆⁹ 

 

 19 ♅▼♇◒ⱳ▬fi♩⌐ ∆╢Ɽꜝⱷכ♃כ 

Ɽꜝⱷכ♃כ  ♦ⱨ◊ꜟ♩  

checkpoint_timeout  ♅▼♇◒ⱳ▬fi♩  5min  

bgwriter_delay  writer ⱪ꜡☿☻ ⅝ ╖  200ms 

bgwriter_lru_maxpages  writer ⱪ꜡☿☻ ⅝ ╖Ɑכ☺  100 

bgwriter_lru_multiplier  writer ⱪ꜡☿☻ ⅝ ╖Ɑכ☺ ─

 

2.0 

checkpoint_completion_target  ─♅▼♇◒ⱳ▬fi♩ ╕≢⌐

♅▼♇◒ⱳ▬fi♩╩ ↕∑╢ ⁹ 

0.5 

log_checkpoints  ♅▼♇◒ⱳ▬fi♩ ╩꜡◓⌐ ↄ off 

full_page_writes  ♅▼♇◒ⱳ▬fi♩ ─ ⌐│

Ɑכ☺ ╩WAL ⌐ ⅝ ╗ 

on 

 

 

t  

♅▼♇◒ⱳ▬fi♩  

♅▼♇◒ⱳ▬fi♩  

♅▼♇◒ⱳ▬fi♩  

checkpoint_completion_target  

checkpoint_timeout  
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2.2.6 ꜞfi◓הⱣ♇ⱨ□ 

fi╛⁸COPY TOꜗ◐☻הꜟꜗ◦fi◔כ◦─ꜟⱩכ♥  ⌐╟╢ ⅜ ╦╣╢≤⁸

Ᵽ♇ⱨ□ ─▪◒♥▫Ⱪ⌂Ɑכ☺⅜ⱷ⸗ꜞכ ⅛╠ ↕╣╢ ⅜№╡╕∆⁹↓─

⅜☼▬◘─ꜟⱩכ♥╢∆☻☿◒▪╘√ Ᵽ♇ⱨ□─ 1/4 ╩ ⅎ╢♥כⱩꜟ⌐ כ◦╢∆

◔fi◦ꜗꜟה☻◐ꜗfi⅜ ╦╣╢ ⌐│ Ᵽ♇ⱨ□ ─ ╩ ↕∑╢ꜞfi◓הⱣ

♇ⱨ□╩ ⇔╕∆⁹ ↕╣╢ꜞfi◓הⱣ♇ⱨ□─◘▬☼│♁כ◖☻כ♪ ≢ ↕╣≡

™╢√╘ ≢⅝╕∑╪⁹ 

 

 20 ꜞfi◓הⱣ♇ⱨ□─◘▬☼ 

 ◘▬☼  

╖ ╖ 256 KB  Seq Scan 

CREATE MATERIALIZED VIEW  

⅝ ╖ 16 MB  CREATE TABLE AS  

COPY FROM  

VACUUM  256 KB  VACUUM  

 

 ⌐ ↕╣╢ꜞfi◓הⱣ♇ⱨ□─◘▬☼│ ─◘▬☼≤ Ᵽ♇ⱨ□─ 1/8╩

⇔≡ ↕™ ⅜ ╦╣╕∆ src/backend/storage/buffer/freelist.c ⁹ꜞfi◓הⱣ♇ⱨ

□─ │ README src/backend/storage/buffer/README ⱨ□▬ꜟ⌐ ↕╣≡™

╕∆⁹ 
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2.3 ▬fi☻♃fi☻ ─  

 ▬fi☻♃fi☻─ ─ ⌐≈™≡╕≤╘≡™╕∆⁹ 

 

2.3.1 ─  

  ▬fi☻♃fi☻─ ⌐│ pg_ctl ◖ⱴfi♪╩ ⇔╕∆⁹pg_ctl ◖ⱴfi♪⌐│⁸ ─

╩ ∆╢-w Ɽꜝⱷכ♃כ ╩ ╦⌂™-W Ɽꜝⱷכ♃כ╩ ∆╢↓≤⅜≢⅝╕

∆⁹ⱴ♬ꜙ▪ꜟ⌐╙ ⅜№╡╕∆⅜⁸▬fi☻♃fi☻─ │-WⱤꜝⱷכ♃

─☻ⱨ◊ꜟ♩≢⁸▬fi☻♃fi♦⅜כ │ -w Ɽꜝⱷכ♃כ⅜♦ⱨ◊ꜟ♩≢∆

https://www.postgresql.org/docs/9.6/static/app -pg-ctl.html ⁹ 

 

 21 pg_ctl ◖ⱴfi♪⌐╟╢▬fi☻♃fi☻ ─  

 ─   

start  -W   

restart  -W  │  

stop -w   

 

 ╩ ℮ ─♃▬ⱶ▪►♩ │-t Ɽꜝⱷכ♃כ≢ ⇔╕∆⁹♦ⱨ◊ꜟ♩│ 60

≢∆⁹ ≢╕♩►▪ⱶ▬♃⁸⇔◒♇▼♅╩☻♃כ♥☻⌐≥↔ ╡ ⇔╕∆⁹ 

 

ẽ ▬fi☻♃fi☻ ─  

 pg_ctl start ◖ⱴfi♪⌐╟╢▬fi☻♃fi☻ │-w Ɽꜝⱷכ♃כ╩ ⇔⌂™ ╡

─ ╩ ⇔╕∑╪⁹postmaster ⱪ꜡☿☻─ ─√╘⌐ system Windows

─ ╡ ─╖♅▼♇◒⇔≡™╕∆⁹╕√Windows ≢│Windows API 

CreateRestrictedProcess ╩ ⇔≡™╕∆⅜⁸ ╡ ─♅▼♇◒│ ╦╣≡™╕∑╪⁹

↓─√╘ ⅜כꜝ◄ ⇔≡╙⁸pg_ctl ◖ⱴfi♪─ ╡ │ 0⌐⌂╡╕∆⁹ 

 

  

https://www.postgresql.org/docs/9.6/static/app-pg-ctl.html
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 14 ▬fi☻♃fi☻ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ꜠ⱪꜞ◔כ◦ꜛfi ⌐⅔↑╢  

 ▬fi☻♃fi☻ ⌐-m smart Ɽꜝⱷ3כ♃כ╩ ∆╢≤⁸◒ꜝ▬▪fi♩─ ╩♃

▬ⱶ▪►♩╕≢ ∟╕∆⁹√∞⇔꜠ⱪꜞ◔כ◦ꜛfi ╢╟⌐☻fi☻♃fi▬הⱩכ꜠☻≢

│◒ꜝ▬▪fi♩≤ ─Ⱪכ꜠☻⁸╘√™⌂╣↕⌂ ⅜ ╦╣≡™≡╙▬fi☻♃fi☻

│ ≢⅝╕∆⁹ 

 

 15 ꜠ⱪꜞ◔כ◦ꜛfi ─ ñm smart Ɽꜝⱷכ♃כ 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   

3 PostgreSQL 9.5≢-m Ɽꜝⱷכ♃כ─♦ⱨ◊ꜟ♩ ⅜ smart ⅛╠ fast ⌐ ↕╣╕⇔√⁹ 

$ 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".  

$ pg_ctl - D data start  њ ∂◒ꜝ☻♃כ⌐ ⇔≡ ╢⌂⌐כꜝ◄  

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

server starting  

FATAL:  lock file "postmaster.pid" already exists  

Is another postmaster (PID 3950) running in data directory 

"/ usr/local/pgsql/ data"?  

$ echo $? њ pg_ctl ◖ⱴfi♪─☻♥כ♃☻│ 0 

0 

postgres=# SELECT state FROM pg_stat_replication ;  

   state  

-----------  

 streaming 

(1 row)  

postgres=# \ q 

$ pg_ctl stop - D data - m smart 

waiting for server to shut down...... done  

server stopped  
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  ⱱ♇♩ה☻♃fiⱣ▬ ☻fi☻♃fi▬הⱩכ꜠☻™⌂™≡∫⌂⌐ hot_standby=off ╩

-w ≢ ∆╢≤⁸♃▬ⱶ▪►♩ ♦ⱨ◊ꜟ♩≢│ 60 ╕≢◖ⱴfi♪⅜

⇔╕∑╪⁹↓╣│ pg_ctl ◖ⱴfi♪⅜ Pqping ╩ ∫≡▬fi☻♃fi☻─ ╩ ⇔

≡™╢√╘≢∆⁹ 

 

 16 ⱱ♇♩ה☻♃fiⱣ▬≢│⌂™☻꜠כⱩה▬fi☻♃fi☻─  

 

 

 

 

 

 

 

 

 

 

 

 

  

$ grep hot_standby data.stdby/postgresql.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 
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2.3.2 Ɽꜝⱷכ♃כ─  

 ▬fi☻♃fi☻ ⌐│{PGDATA }/postgresql.conf ⱨ□▬ꜟ⅜ ↕╣⁸Ɽꜝⱷכ♃כ

⅜ ↕╣╕∆⁹∕─ ⁸{PGDATA}/postgresql.auto.conf ⱨ□▬ꜟ⅜ ↕╣≡ ╩

⅝⇔╕∆⁹ 

 Ɽꜝⱷכ♃כ─ ╩ ∆╢⌐│ pg_settings ◌♃꜡◓╩ ∆╢⅛⁸psql ▫♥כꜚ

ꜞ♥▫⅛╠ show all ◖ⱴfi♪╩ ⇔╕∆⁹pg_settings ◌♃꜡◓─ source │⁸Ɽꜝⱷ

כ ♃ כ ─ ─ ⅜ ↕ ╣ ╕ ∆ ⁹ │ ⁸ ♁ כ ☻ ◖ כ ♪

src/backend/utils/misc/guc.c ─₈GucSource_Names₉ ≢ ↕╣≡™╢ ≢∆⁹

⌐│⁸enum GucSource≢ ↕╣√ⱴ◒꜡ PGC_S_{SOURCE} ╩ ⇔≡▪◒☿

☻↕╣≡™╕∆⁹enum ♪כ◖☻כ♁│ src/include/utils/guc.h ≢ ↕╣≡™╕∆⁹ 
 

 22 pg_settings ◌♃꜡◓─ source  

   

default  ♦ⱨ◊ꜟ♩   

environment variable  postmaster ─ ⅛╠   

configuration file  postgresql.conf ⱨ□▬ꜟ≢   

command line  postmaster Ɽꜝⱷכ♃כ  

global   ꜟⱣכ꜡◓ 

database ♦כ♃ⱬכ☻ ─   

user ꜚכ◙כ ─   

database user ꜚכ♦≥כ◙כ♃ⱬכ☻ ─   

client  ◒ꜝ▬▪fi♩⅛╠─   

override  ⌐♦ⱨ◊ꜟ♩ ╩ ∆╢   ☻כ◔

interactive כꜝ◄  ─√╘─   

test כ◙כꜚ  ☻כⱬ♃כ♦│√╕ ─♥☻♩  

session SET ⌐╟╢   

 

ẽ Ɽꜝⱷהכ♃כⱨ□▬ꜟ─  

 PostgreSQL 9.4 ⅛╠│ ALTER SYSTEM ⌐╟╡⁸Ɽꜝⱷהכ♃כⱨ□▬ꜟ─ ⅜

⌐ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹ALTER SYSTEM │ superuser ╩ ◙כꜚ≈

╖─כ ≢⅝╕∆⁹ 

 

 1 ALTER SYSTEM  

 

 

 

ALTER SYSTEM SETⱤꜝⱷכ♃כ  =  | DEFAULT 

ALTER SYSTEM RESET parameter_name 
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 ALTER SYSTEM ≢ ⇔√Ɽꜝⱷכ♃כ─ │₈{PGDATA}/postgresql.auto.conf ₉

ⱨ□▬ꜟ⌐ ⅝ ╕╣╕∆⁹↓─ⱨ□▬ꜟ│ ≢ ⇔⌂™╟℮⌐⇔≡ↄ∞↕™⁹ 

 

 17 ALTER SYSTEM ⌐╟╢Ɽꜝⱷכ♃כ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ≢╙╦⅛╢╟℮⌐⁸ALTER SYSTEM │▬fi☻♃fi☻─Ɽꜝⱷכ♃כ│

∑∏⁸postgresql.auto.conf ⱨ□▬ꜟ─╖ ⅝ ⅎ╕∆⁹↓─ⱨ□▬ꜟ│▬fi☻♃fi☻

╕√│ pg_reload_conf ⌐ postgresql.conf ⱨ□▬ꜟ⅜ ╖ ╕╣√ ↕

╣⁸ ⅜ ↕╣╕∆⁹ 

 ALTER SYSTEM ─Ɽꜝⱷכ♃כ ≤⇔≡ DEFAULT ╩ ∆╢⅛⁸ALTER 

SYSTEM RESET ╩ ∆╢≤⁸postgresql.auto.conf ⱨ□▬ꜟ⅛╠Ɽꜝⱷכ♃כ⅜

↕╣╕∆⁹ 

 

  

postgres=# SHOW work_mem ; 

 work_mem 

----------  

 4MB 

(1 row)  

postgres=# ALTER SYSTEM SET work_mem = '8MB' ; 

ALTER SYSTEM 

postgres=# SHOW work_mem ; 

 work_mem 

----------  

 4MB 

(1 row)  

postgres=# \ q 

$ cat data/ postgresql.auto.conf  

# Do not edit this file manually!  

# It will be overwritten by ALTER SYSTEM command.  

work_mem = '8MB' 

$ 
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 18 ALTER SYSTEM ⌐╟╢Ɽꜝⱷה♃כꜞ☿♇♩ 

 

 

 

 

 

 

 

 

ẽ Ɽꜝⱷהכ♃כⱨ□▬ꜟ≤ SET ─  

 ─ ╩ ≈Ɽꜝⱷכ♃כ╩Ɽꜝⱷהכ♃כⱨ□▬ꜟ⌐ ∆╢ │⁸ ╩◌fiⱴ ,

≢ ╡⁸ ╩◦fi◓ꜟכ♥כ○◒ה◦ꜛfi õ≢ ╖╕∆⁹ ⁸SET ≢☿♇◦ꜛ

fi─Ɽꜝⱷכ♃כ╩ ∆╢ │⁸◦fi◓ꜟכ♥כ○◒ה◦ꜛfi─ │ ™╕∑╪⁹

SET ─Ɽꜝⱷכ♃כ╩◦fi◓ꜟכ♥כ○◒ה◦ꜛfi≢ ╗≤ ─ ≤⇔≡ ↕╣╕

∆⁹ 

 

 19 ⱨ□▬ꜟ≤ SET ─ ─ ™ 

 

 

 

 

 

 

 

 

 

 

ẽ Ɽꜝⱷכ♃כ  כꜝ◄≥

 postgresql.conf ⱨ□▬ꜟ⌐│ ─Ɽꜝⱷכ♃כ ⌐ Contrib ꜟכꜙ☺⸗ ⅜ ∆

╢ ─Ɽꜝⱷכ♃כ╩ ≢⅝╕∆⁹ ↄ─ Ɽꜝⱷכ♃כ ─ │

₈{MODULENAME}.{ PARAMETER }₉≢∆⁹▬fi☻♃fi☻ ⁸↓─ ≢ ↕╣√

Ɽꜝⱷכ♃כ│ ─♅▼♇◒⅜ ╦╣╕∑╪⁹Contrib ꜟכꜙ☺⸗ ─Ɽꜝⱷכ♃כ⅜

∫≡ ↕╣≡™≡╙▬fi☻♃fi☻│ ⌐ ↕╣╕∆⁹╕√ SHOW ≢╙ ∫

√Ɽꜝⱷכ♃כ ─╕╕ ╩ ≢⅝╕∆⁹ 

 ↓─√╘ Contrib ꜟכꜙ☺⸗ ─Ɽꜝⱷכ♃כ╩ ∆╢ │⁸ ⌐ ╩

∆═⅝≢∆⁹ 

postgres=# ALTER SYSTEM SET work_mem = DEFAULT ;  

ALTER SYSTEM 

postgres=# \ q 

$ cat data/ postgresql.auto.conf  

# Do not edit this file manually!  

# It will be overwritten by ALTER SYSTEM command.  

$ 

$ 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=# 
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 20 ∫√Ɽꜝⱷכ♃כ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ALTER SYSTEM ≢│ Contrib כ♃כⱤꜝⱷ╙כ♃כⱤꜝⱷ─ꜟכꜙ☺⸗ ─♅▼♇

◒⅜ ╦╣╢√╘⁸ ∫√ ─Ɽꜝⱷכ♃כ│ ≢⅝╕∑╪⁹ 

 

ẽ Ɽꜝⱷהכ♃כⱨ□▬ꜟ─  

Ɽꜝⱷהכ♃כⱨ□▬ꜟ postgresql.conf, postgresql.auto.conf ─ │⁸

pg_file_settings ◌♃꜡◓⅛╠ ≢⅝╕∆⁹↓─◌♃꜡◓⌐ ∆╢ ⅜ ╦╣╢

⌐ⱨ□▬ꜟ ⅜ ↕╣⁸ⱨ□▬ꜟ⌐ ↕╣√ ╩ ≢⅝╕∆⁹ 

 

 21 ⱨ□▬ꜟ ╩◌♃꜡◓⅛╠  

 

 

 

 

 

 

 

 

 

 

 

$ grep autoexplain postgresql.conf  

autoexplain.loganalyze = true  њ ⇔ↄ│ auto_explain.log_analyze = true  

$ pg_ctl ΈD data start Έw 

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  њ  

$ psql  

postgres=# SHOW autoexplain.loganalyze ;  њ SHOW≢  

 autoexplain.loganalyze  

------------------------  

 true  

(1 row)  

postgres=# ALTER SYSTEM SET port=5434 ; 

ALTER SYSTEM 

postgres=# SELECT sourcefile, name, setting FROM pg_file_settings  

WHERE name = 'port' ;  

                sourcefile                  | name | setting  

-------------------------------------------- +------ +---------  

 /usr/local/pglsq/data/postgresql.auto.conf |  port | 5434  

(1 row)  



 

46 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

2.3.3 ꜝ▬Ⱪꜝꜞ 

 PostgreSQL ⌐│ ꜝ▬Ⱪꜝꜞ╩ ≢≥↓╢∆♪כ꜡⌐ ╩ ∆╢↓≤⅜≢⅝

╕∆⁹ 

 

ẽ ꜝ▬Ⱪꜝꜞ╩꜡כ♪∆╢√╘─Ɽꜝⱷכ♃כ 

 ꜝ▬Ⱪꜝꜞ╩ ⌐╘√╢∆♪כ꜡⌐ ─Ɽꜝⱷכ♃כ⅜ ↕╣≡™╕∆⁹

™∏╣─Ɽꜝⱷ⁸╙⌐כ♃כꜝ▬Ⱪꜝꜞ─ꜞ☻♩ ◌fiⱴ ╡ ╩ ⇔╕∆⁹ 

 

 23 ꜝ▬Ⱪꜝꜞ─꜡כ♪╩ ℮Ɽꜝⱷכ♃כ 

Ɽꜝⱷכ♃כ   

shared_preload_libraries  ▬fi☻♃fi☻  ♪כ꜡⌐

session_preload_libraries  postgresⱪ꜡☿☻ ⁸♪כ꜡⌐ │ superuser ─╖ 

local_preload_libraries  postgresⱪ꜡☿☻ ⁸♪כ꜡⌐ כ◙כꜚ  

 

postgresⱪ꜡☿☻ │⁸╕∏ session_preload_libraries ⌐ ↕╣√ꜝ▬Ⱪꜝꜞ─

⅜♪כ꜡ ╦╣⁸∕─ local_preload_libraries ⌐ ↕╣√ꜝ▬Ⱪꜝꜞ⅜꜡כ♪↕╣╕

∆⁹ 

 

ẽ shared_preload_libraries Ɽꜝⱷכ♃כ  

 Ɽꜝⱷכ♃כshared_preload_libraries ⌐│⁸Contrib ꜟכꜙ☺⸗ ≢ ∆╢ ꜝ▬

Ⱪꜝꜞ ╩ ⇔╕∆⁹▬fi☻♃fi☻ ⌐ ꜝ▬Ⱪꜝꜞ╩ ≈↑╢↓≤⅜≢⅝⌂™

⁸▬fi☻♃fi☻  ⁹∆╕╡⌂⌐כꜝ◄│

─ ≢│Contrib ꜟכꜙ☺⸗ pg_stat_statements ⅜▬fi☻♩כꜟ⇔≡™⌂™ ≢

Ɽꜝⱷכ♃כ╩ ⇔≡▬fi☻♃fi☻╩ ⇔√  ⁹∆≢☺כ☿♇ⱷהכꜝ◄─

 

 22 shared_preload_libraries Ɽꜝⱷכꜝ◄─כ♃כ 

 

 

 

 

 

 

 

shared_preload_libraries Ɽꜝⱷכ♃כ⌐ ⇔√ꜝ▬Ⱪꜝꜞ│⁸Ɽꜝⱷכ♃כ

dynamic_library_path ⌐ ↕╣√Ɽ☻⅛╠ ↕╣╕∆⁹ 

 

$ pg_ctl - D data start - 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.  
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2.3.4 ▬fi☻♃fi☻ ─  

 pg_ctl stop ñm smart ◖ⱴfi♪│ ─כ◙כꜚ ╩ ∟╕∆⅜⁸♃▬ⱶ▪►♩ ♦

ⱨ◊ꜟ♩ 60 ╩ ∆╢≤ pg_ctl ◖ⱴfi♪⅜ ╡ ≢ ⇔╕∆⁹ 

 ♃▬ⱶ▪►♩⇔√ ≢╙⁸▬fi☻♃fi☻│◦ꜗ♇♩♄►fi ⁹∆≢╕╕─☻♃כ♥☻─

↓─√╘⁸ ─◒ꜝ▬▪fi♩ │≢⅝⌂™ ⌐ ╡╕∆⁹ ─☿♇◦ꜛfi⅜∆═≡

∆╢≤ ⌐▬fi☻♃fi☻│ ⇔╕∆⁹♃▬ⱶ▪►♩─ │⁸pg_ctl ◖ⱴfi♪ה

Ɽꜝⱷכ♃ ñtimeout= ╕√│ ñt ≢ ⇔╕∆⁹ 

 

 23 ▬fi☻♃fi☻ ♃▬ⱶ▪►♩ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.5 ▬fi☻♃fi☻ ─ ╖ ╖ꜝ▬Ⱪꜝꜞ 

 ▬fi☻♃fi☻ ⌐ ╖ ╕╣╢ ꜝ▬Ⱪꜝꜞ╩ ⌐ ⇔╕∆⁹▬fi☻♃fi☻

─ ╩ strace ◖ⱴfi♪≢♩꜠כ☻⇔≡ ⇔╕⇔√⁹ 

 

  

$ pg_ctl ΈD data stop Έm smart 

waiting for server to shut 

down............................................................... failed  

pg_ctl: server does not shut down  

HINT: The " - m fast" option immediately disconnects sessions rather than  

waiting for session- initiated disconnection.  

$ 

$ psql  - U user1 

psql: FATAL:  the database system is shutting down  

  ћ ─☿♇◦ꜛfi│ ↑ ↑╠╣⌂™ 

$ 

$ pg_ctl stop - m immediate 

waiting for server to shut down.... done  

server stopped  

$ 
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 24 ▬fi☻♃fi☻ ⌐ ╖ ╕╣╢ꜝ▬Ⱪꜝꜞ 

ꜝ▬Ⱪꜝꜞ ♦▫꜠◒♩ꜞ 

libpq.so.5 {INSTALL}/lib  

libc.so.6 /lib64  

libpthread.so.6  /lib64  

libtinfo.so.5  /lib64  

libdl.so.2  /lib64  

librt.so.1  /lib64  

libm.so.6  /lib64  

libnss_files.so.2  /lib64  

libselinux.so.1  /lib64  

libacl.so.1  /lib64  

libattr.so.1  /lib64  

 

2.3.6 ⌂ ⱨ□▬ꜟ 

  ▬fi☻♃fi☻ ⌐ ↕╣╢ⱨ□▬ꜟ╩ ⇔╕∆⁹▬fi☻♃fi☻─ │ ⌐

╦╣√ ╩ ⇔≡™╕∆⁹╕√Ɽꜝⱷכ♃כ │♦ⱨ◊ꜟ♩ ╩ ⇔≡™╕∆⁹ 
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 25 ⱨ□▬ꜟ 

ⱨ□▬ꜟ Ɽ☻  

postgresql.conf  {PGDATA}   

postgresql.auto.conf  {PGDATA}   

PG_VERSION  {PGDATA}   

postmaster.pid  {PGDATA}   

Japan {INSTALL }/share/postgresql/timezone   

posixrules  {INSTALL }/share/postgresql/timezone   

Default  {INSTALL }/share/postgresql/timezonesets   

pg_control  {PGDATA}/global   

.s.PGSQL.5432.lock /tmp   

.s.PGSQL.5432 /tmp   

0000 {PGDATA}/pg_notify   

postmaster.opts  {PGDATA}   

pg_log (directory)  {PGDATA}   

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

pgsql_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}   

000000010é00001 {PGDATA}/pg_xlog   

0000 {PGDATA}/ pg_multixact/offsets   

0000 {PGDATA}/pg_clog  

pg_filenode.map  {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   
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2.3.7 Windows Service ─  

  Microsoft Windows ─ PostgreSQL ▬fi☻♃fi☻│ Windows ≡⇔≥☻ⱦכ◘

∆╢↓≤⅜≢⅝╕∆⁹NET ST OP◖ⱴfi♪╕√│₈◘כⱦ☻ ⱴⱠ₉כꜗ☺כ╩ ∫√▬fi

☻♃fi☻ │ fast ♪כ⸗ SIGINT ◦◓♫ꜟ ≢ ╦╣╕∆⁹ 

₈src/bin/pg_ctl/pg_ctl.c₉│☻כ♁  ─ pgwin32_ServiceMain ─ ≢∆⁹ 

 

 24 NET STOP ◖ⱴfi♪⌐╟╢▬fi☻♃fi☻  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

static void WINAPI  

pgwin32_ServiceMain(DWORD argc, LPTSTR *argv) 

{  

<< >> 

pgwin32_SetServiceStatus(SERVICE_STOP_PENDING); 

    switch (ret)  

    {  

        case WAIT_OBJECT_0:             /* shutdown event */  

        {  

             /*  

              * status.dwCheckPoint can b e incremented by  

              * test_postmaster_connection(), so it might not start from 0.  

              */  

              int  maxShutdownCheckPoint = status.dwCheckPoint + 12; 

             kill(postmasterPID, SIGINT);  

    << >> 

}  
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☺כ꜠♩☻.3 ─  

3.1 ⱨ□▬ꜟ◦☻♥ⱶ─  

  ≢│ⱨ□▬ꜟ◦☻♥ⱶ⌐ ∆╢ ╩ ⇔≡™╕∆⁹ 

3.1.1 ♦▫꜠◒♩ꜞ  

 ↓↓≢│PostgreSQL ꜞ♩◒꜠▫♦─כ♃☻ꜝ◒ה☻כⱬ♃כ♦ ╩ ⇔≡™╕∆⁹ 

 

ẽ ♦כ♃ⱬכ♃☻ꜝ◒ה☻כ 

⁸PostgreSQL│כ♃☻ꜝ◒ה☻כⱬ♃כ♦  ─☻כⱬ♃כ♦ ⅜∆═≡ ↕╣

╕∆⁹○Ɑ꜠כ♥▫fi◓ה◦☻♥ⱶ─♦▫꜠◒♩ꜞ╩ ⇔≡ initdb ◖ⱴfi♪⌐╟╡

☻fi☻♃fi▬│כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁹∆╕╣↕ ⁸ ⌐ ∆╢ pg_ctl ◖ⱴ

fi♪≢╙ ∏ ↕╣⁸▬fi☻♃fi☻─ ⌐⌂╡╕∆⁹ 

 

כ♃☻ꜝ◒ה☻כⱬ♃כ♦ 25  ─ⱨ□▬ꜟ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$ ls - l $ { PGDATA}  

total 96  

- rw-------  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  

- rw-------  1 postgres postgres  4222 Feb 11 12:45 pg_hba.conf  

- rw-------  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 postgresql.conf  

- rw-------  1 postgres postgres    45 Feb 11 15:52 postmaster.opts  

- rw-------  1 postgres postgres    73 Feb 11 15:52 postmaster.pid  

$ 
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≡⇔≥כ♃☻ꜝ◒ה☻כⱬ♃כ♦   ↕╣√♦▫꜠◒♩ꜞ ⌐│ ─♦▫꜠◒♩ꜞ≤

ⱨ□▬ꜟ⅜ ↕╣╕∆⁹base ♦▫꜠◒♩ꜞ│ ⅜♃כ♦ ↕╣╢ ─♦▫꜠◒

♩ꜞ≢∆⁹base ⌐☻כⱬ♃כ♦│⌐ꜞ♩◒꜠▫♦ ∆╢◘Ⱪה♦▫꜠◒♩ꜞ⅜ ↕╣

╕∆⁹ 

─ꜞ♩◒꜠▫♦ה☻כⱬ♃כ♦ 3.1.2  

⌐☻כⱬ♃כ♦   ∆╢♦▫꜠◒♩ꜞ ⌐☻כⱬ♃כ♦⁸│⌐ ↕╣╢○Ⱪ☺▼◒

♩⅜ ─ⱨ□▬ꜟ≤⇔≡ ↕╣╕∆⁹ ─ⱨ□▬ꜟ⅜ ⌐ ↕╣╕∆⁹ 

 

ꜞ♩◒꜠▫♦ה☻כⱬ♃כ♦ 26  ⌐ ↕╣╢ⱨ□▬ꜟ 

ⱨ□▬ꜟ   

{999999} ☿◓ⱷfi♩הⱨ□▬ꜟ 

{999999}.{9} ☿◓ⱷfi♩הⱨ□▬ꜟ 1 GB ─  

{999999}_fsm Free Space Map ⱨ□▬ꜟ 

{999999}_vm Visibility Map ⱨ□▬ꜟ 

{999999}_init 4 UNLOGGED TABLE ─ ⱨ◊כ◒╩ ∆ⱨ□▬ꜟ 

pg_filenode.map  ─◦☻♥ⱶה◌♃꜡◓─ OID ≤ ⱨ□▬ꜟ ─ⱴ♇Ⱨfi◓╩

℮⁹ 

pg_internal.init  ◦☻♥ⱶ ─◐ꜗ♇◦ꜙⱨ□▬ꜟ⁹▬fi☻♃fi☻ ⌐

↕╣╢⁹ 

{PGDATA}/global ⅜☻כⱬ♃כ♦┘╟⅔ꜞ♩◒꜠▫♦ ↕╣╢

♦▫꜠◒♩ꜞ ⌐ ↕╣╢⁹ 

PG_VERSION  Ᵽכ☺ꜛfi ⅜ ↕╣╢♥◐☻♩ⱨ□▬ꜟ⁹♦כ♃ⱬכ☻

⌐♅▼♇◒↕╣╢⁹ 

 

ẽ ♥כⱩꜟ─ ≤◌♃꜡◓ 

 PostgreSQL Ⱪꜟ│⁸כ♥─ ⌐│ ─○Ⱪ☺▼◒♩─ ≢∆⁹ ⌐│

─ ⅛╠ ↕╣≡™╕∆⁹ 

 

 

 

 

                                                   

4  _init ⱨ□▬ꜟ│ UNLOGGED TABLE ⁸UNLOGGED TABLE ─ TOAST Ⱪꜟ⁸כ♥

UNLOGGED TABLE ─ TOAST ▬fi♦♇◒☻⁸UNLOGGED TABLE ⌐ ⇔≡ ↕╣√▬

fi♦♇◒☻⌐ ⇔≡ ↕╣╕∆⁹ 
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╩ꜟⱩכ♥ 27  ∆╢  

   

⅜♃כ♦ ꜟⱩכ♥ ↕╣╢   

▬fi♦♇◒☻ ─√╘⌐♥כⱩꜟ⌐ ↕╣╢   

TOAST ╩♃כ♦ ꜟⱩכ♥ ∆╢   

TOAST ▬fi♦♇◒☻ TOAST♥כⱩꜟ─ ╩ ∆╢▬fi♦♇◒☻  

 

─ ╩∆═≡ ∆╢◌♃꜡◓⅜ pg_class≢∆⁹pg_class◌♃꜡◓⌐│♥כⱩꜟ

rel name ⁸TOAST ╛ꜟⱩכ♥ TOAST ▬fi♦♇◒☻─ OID reltoastrelid ⅜ ↕

╣≡™╕∆⁹pg_tables ◌♃꜡◓│ pg_class ╩╖─ꜟⱩכ♥╠⅛◓꜡♃◌ ∆╢ⱦꜙכ

─☻◒♇♦Ⱪꜟ≤▬fiכ♥⁹∆╕™≡∫⌂⌐ ↑╩ ℮◌♃꜡◓⅜ pg_index ≢∆⁹↓

─◌♃꜡◓⌐│ pg_class◌♃꜡◓⌐ ─ꜟⱩכ♥╢™≡╣↕ OID indexrelid ≤⁸▬

fi♦♇◒☻─ OID indrel id ─ ⅜ ↕╣≡™╕∆⁹ 

 

 

 ◓꜡♃◌≥ꜟⱩכ♥ 4 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ♥כⱩꜟ≤ⱨ□▬ꜟ─  

│ꜟ▬□ⱶ─ⱨ♥☻◦ה◓fi▫♥כ꜠Ⱪꜟ╛▬fi♦♇◒☻≤○Ɑכ♥ pg_class◌♃꜡◓

─ relfilenode ─ ≤ ⇔≡™╕∆⁹ 

○Ⱪ☺▼◒♩≤ⱨ□▬ꜟ─ │ oid2name ╩▫♥ꜞ▫♥כꜚ ∫≡╙ ≢⅝╕∆⁹

ꜟⱩכ♥╢╣↕ │ pg_class◌♃꜡◓─ reltablespace ≢ ⇔╕∆⁹↓─

⅜ 0─ ⁸pg_default ꜟⱩכ♥ ≢№╢↓≤╩ ⇔╕∆⁹ 

 

 

 

 ꜟⱩכ♥

pg_tables 

 ꜟⱩכ♥

▬fi♦♇◒☻ 

TOAST  ꜟⱩכ♥

TOAST ▬fi♦♇◒☻ 

pg_class 

▬fi♦♇◒☻ 

TOAST ▬fi♦♇◒☻ 

pg_index 
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 26 ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ☿◓ⱷfi♩הⱨ□▬ꜟ 

 ☿◓ⱷfi♩הⱨ□▬ꜟ│⁸♥כⱩꜟ╛▬fi♦♇◒☻─ ⅜♃כ♦ ↕╣√ⱨ□▬ꜟ≢∆⁹

ⱨ□▬ꜟה◘▬☼⅜ 1 GB (RELSEG_SIZE×BLCKSZ ) ╩ ⅎ╢≤ ↕╣╕∆⁹

─ⱨ□▬ꜟ⌐ ⅎ≡⁸ⱨ□▬ꜟ ─ ⌐₈.{9} {9}│ 1⅛╠ ╕╢ ₉ ─ⱨ□▬ꜟ

⅜ ↕╣╕∆⁹ 

 

 27 ☿◓ⱷfi♩הⱨ□▬ꜟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$ oid2name Έd data db1 

From database " datadb1":  

  Filenode  Table Name  

----------------------  

     16437       data 1 

 

postgres => SELECT relname,  relfilenode,  reltablespace FROM pg_class  

    WHERE relname IN (' data2', ' data3')  ;  

 relname | relfilenode | reltablespace  

--------- +------------- +------------ ---  

 data2   |       34115 |             0   <- ꜟⱩכ♥  pg_default  

 data3   |       34119 |         32778  <- ꜟⱩכ♥  tbl2  

postgres => SELECT oid,  relname,  relfilenode FROM pg_class  

WHERE relname='large1'  ;  

  oid  | relname | relfilenode  

------- +--------- +-------------  

 16468 | large1  |       16495  

(1 row) 

 

$ ls - l 16495*  

- rw------- . 1 postgres postgres 1073741824 Feb 11 14:06 16495 

- rw------- . 1 postgres postgres   96550912 Feb 11 14:06 16495.1 
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ẽ ▬fi♦♇◒☻הⱨ□▬ꜟ 

≥ꜟⱩכ♥  ⌐▬fi♦♇◒☻╙ ⇔√ⱨ□▬ꜟ≤⇔≡ ↕╣╕∆⁹▬fi♦♇◒☻

─ⱨ□▬ꜟ ╙ pg_class◌♃꜡◓─ relfilenode ⌐ ♦Ⱪꜟ≤▬fiכ♥⁹∆╕™≡╣↕

♇◒☻╩ ┘≈↑╢◌♃꜡◓⅜ pg_index ≢∆⁹ 

 

 5 pg_class◌♃꜡◓≤▬fi♦♇◒☻ 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3 TOAST  

  PostgreSQL │ 8 KB ─Ɑכ◖꜠⌐☺כ♪╩ ╩☺כⱭ⅜♪כ◖꜠⁹∆╕⇔

╕√⅜∫≡ ↕╣╢↓≤│№╡╕∑╪⁹↓─√╘ ⌐☺כⱭ│♪כ◖꜠⌂ ╘╢↓

≤⅜≢⅝╕∑╪⁹╟╡ ╩♪כ◖꜠⌂ ∆╢√╘⌐ TOAST (The Oversized -

Attribute Storage Technique )≤ ┌╣╢ ⅜ ↕╣≡™╕∆⁹TOAST │♃כ♦

─ ⅜♃כ♦ TOAST_TUPLE_THRESHOLD ◖fiⱤ▬ꜟ ⌐ ≢ ╘╠╣√◘▬

☼╩ ⅎ╢ ⌐ ↕╣╕∆⁹╕√ TOAST_TUPLE_TARGET ⌐ ↕╣╢╕≢

TOAST ╩♃כ♦⌐ꜟⱩכ♥ ⇔╕∆⁹ 

 

ẽ TOAST  ꜟⱩכ♥

 TOAST │♃כ♦ pg_class◌♃꜡◓─ relfilenode ≢ ↕╣╢ⱨ□▬ꜟ≤│ Ⱪכ♥

ꜟ ⱨ□▬ꜟ ⌐ ↕╣╕∆⁹pg_class◌♃꜡◓─ reltoastrelid ⌐│⁸TOAST כ♥

Ⱪꜟ─ oid ⅜ ↕╣╕∆⁹pg_class ◌♃꜡◓⅛╠ TOAST ꜟ▬□Ⱪꜟ─ⱨכ♥

relfilenode ╩ ∆╢↓≤≢⁸ⱨ□▬ꜟ╩ ∆╢↓≤⅜≢⅝╕∆⁹TOAST ꜟⱩכ♥

─ ╩ ∆╢√╘⌐ TOAST │⌐ꜟⱩכ♥ TOAST ▬fi♦♇◒☻╙ ↕╣╕∆⁹

TOAST │ꜟⱩכ♥ pg_tables ◌♃꜡◓⌐│ ↕╣╕∑╪⁹ 

pg_class                                       pg_index  

oid  relname relfilenode  indrelid  indexrelid  

16528 table1  16531 16528 24659 

24659 idx1_table1  16532 
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 28 pg_class◌♃꜡◓─ relname  

relname   

ꜟⱩכ♥  CREATE TABLE ≢ ꜟⱩכ♥√⇔  

toast_{OID ⌐ꜟⱩכ♥ { ∆╢ TOAST ꜟⱩכ♥ OID │ ─ꜟⱩכ♥ oid  

toast_{OID }_index TOAST ⌐ꜟⱩכ♥ ∆╢ TOAST ▬fi♦♇◒☻ 

 

  ─ ≥ꜟⱩכ♥│ TOAST ─ꜟⱩכ♥ ╩ ꜟⱩכ♥⁹∆╕™≡⇔ toast1 ╩

∆╢≤⁸TOAST ꜟⱩכ♥ toast_16525 ⅜ ⌐ ↕╣⁸ⱨ□▬ꜟ 16532 ⌐ ↕╣

╕∆⁹TOAST ▬fi♦♇◒☻│ pg_index ◌♃꜡◓⅛╠ indrelid ⅜ ╩♪כ◖꜠─16528

⇔╕∆⁹ 

 

 6 pg_class◌♃꜡◓≤ TOAST  ꜟⱩכ♥

 

 

 

 

 

 

 

 

 

 

 

ẽ TOAST ─♃כ♦  

  TOAST │⌐♃כ♦ ⱨ◊כⱴ♇♩╩ ∆╢↓≤⅜≢⅝╕∆⁹ ⱨ◊כⱴ♇♩│

⌐ ↕╣╕∆⅜⁸ ≢ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

 29 TOAST ♃כ♦ ⱨ◊כⱴ♇♩ 

ⱨ◊כⱴ♇♩  

PLAIN  TOAST ╩ ⇔╕∑╪⁹ 

EXTENDED  ≤ TOAST ╩ꜟⱩכ♥ ⇔╕∆⁹ ↄ─ TOAST ╩ ≢⅝

♃כ♦╢ ─♦ⱨ◊ꜟ♩ ≢∆⁹ 

EXTERNAL  │ ™╕∑╪⅜⁸TOAST ╩ꜟⱩכ♥ ⇔╕∆⁹ 

MAIN  │ ™╕∆⅜⁸TOAST │ꜟⱩכ♥ ≤⇔≡ ⇔╕∑╪⁹ 

 

 psql ◖ⱴfi♪ ⅛╠⁸₈¥ d+ ♥כⱩꜟ ₉╩ ∆╢≤⁸TOAST ─ ⱨ◊כⱴ

pg_class 

oid relname  relfilenode  reltoastrelid  

16525 toast1  16531 16528 

16528 toast_16525 16532 0 
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♇♩╩ ≢⅝╕∆⁹ ─ ≢│⁸toast1 ─ꜟⱩכ♥ c1 varchar ≤ c2 text

⅜ TOAST ≢№╢↓≤⅜╦⅛╡╕∆⁹ 

 

 28 TOAST ─  

 

 

 

 

 

 

 

 

 

 

 ♦ⱨ◊ꜟ♩─ ⱨ◊כⱴ♇♩╩ ∆╢√╘⌐│ ALTER TABLE ≢ SET 

STORAGE ╩ ∫≡ ⇔╕∆⁹ 

 

 29 TOAST ⱨ◊כⱴ♇♩─  

 

 

 

 

 

 

 

 

 

 

 

3.1.4 TRUNCATE ≤ⱨ□▬ꜟ─  

 TRUNCATE ⅜ ↕╣√♩ꜝfi◙◒◦ꜛfi⅜◖Ⱶ♇♩↕╣╢≤⁸♥כⱩꜟ≤ ∆

╢ⱨ□▬ꜟ│⁸♅▼♇◒ⱳ▬fi♩╩ √∏⌐◘▬☼ 0 ⌐ ╡ ≡╠╣╕∆⁹╕√⁸

TRUNCATE ─ ⅜ ∆╢≤⁸ INSERT ↕╣╢√╘─ⱨ□▬ꜟ⅜ ⌐ ↕

╣⁸pg_class◌♃꜡◓─ relfilenode │ ⇔™ⱨ□▬ꜟ ⌐ ↕╣╕∆⁹TRUNCATE

⅜ ↕╣╢╕≢ ↕╣√ ⱨ□▬ꜟ│♅▼♇◒ⱳ▬fi♩─♃▬Ⱶfi◓≢ ↕╣╕∆⁹ 

postgres=> \ d+ toast1  

                               Table "public.toast1"  

 Column |         Type          | Modifiers | Storage  | Stats target | Description  

-------- +----------------------- +----------- +------- --- +-------------- +----------  

 c1     | numeric               |           | main     |              |  

 c2     | character varying(10) |           | extended |              |  

 c3     | text                  |           | extended |              |  

Has OIDs: no 

postgres=> ALTER TABLE toast1 ALTER c2 SET STORAGE PLAIN ; 

ALTER TABLE 

postgres=> \ d+ toast1  

                               Table "public.toast1"  

 Column |         Type          | Modifiers | Storage  | S tats target | Description  

-------- +----------------------- +----------- +------- --- +-------------- +----------  

 c1     | numeric               |           | main     |              |  

 c2     | character varying(10) |           | plain     |              |  

 c3     | text                  |           | extended |              |  

Has OIDs: no 
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 30 TRUNCATE ≤ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

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

relfilenode  

-------------  

       25782 

(1 row)  

 

$ ls - l 2578*  њ ⱨ□▬ꜟ─  

- rw-------  1 postgres postgres 884736 Feb 11 11:23 25782 

- rw-------  1 postgres postgres  24576 Feb 11 11:23 25782_fsm 

 

postgres=> TRUNCATE TABLE tr1 ;   њ TRUNCATE─  

TRUNCATE TABLE 

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

 relfilenode  

-------------  

       25783 њ ⱨ□▬ꜟ⅜ ⇔ↄ⌂∫√ 

(1 row)  

 

$ ls - l 2578*  

- rw-------  1 postgres postgres 0 Feb 11 11:25 25782 њ ⱨ□▬ꜟ 

- rw-------  1 postgres postgres 0 Feb 11 11:25 25783 њ ⱨ□▬ꜟ 

$ 

 

postgres=# CHECKPOINT ;  њ♅▼♇◒ⱳ▬fi♩─  

CHECKPOINT 

postgres =# \ q 

$ ls - l 2578*  

- rw-------  1 postgres postgres 0 Feb 11 11:25 25783 њ ⱨ□▬ꜟ─╖ 

$ 
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3.1.5 FILLFACTOR  

 INSERT ╩ ∆╢≤⁸Ɑכ☺ ⅜♪כ◖꜠⌐ ↕╣╕∆⁹ ─Ɑכ☺⌐꜠◖

⅜♪כ ≢⅝⌂ↄ⌂╢≤ ─ ⅝Ɑכ☺╩ ⇔╕∆⁹Ɑכ☺ ╩♪כ◖꜠⌐ ≢⅝╢

╩ ∆ ⅜ FILLFACTOR ≢∆⁹FILLFACTOR ─♦ⱨ◊ꜟ♩ │ 100 (%)≢∆⁹↓

─√╘⁸ ≢│Ɑכ☺ ⌐ ⌂ↄ꜠◖כ♪⅜ ↕╣╢↓≤⌐⌂╡╕∆⁹▬fi♦♇◒☻

⌐ ⇔≡╙ ∆╢↓≤⅜≢⅝╕∆⁹ 

 FILLFACTOR ╩ 100% ⌐∆╢ │ UPDATE ⌐╟╢ ⌐ ⅝ ╩ ≢

⅝╢√╘⁸Ɑכ☺ ─▪◒☿☻≢Ɽⱨ◊כⱴfi☻⅜ ∆╢ ≢∆⁹ ⅜ꜟⱩכ♥⁸≢

∆╢Ɑכ☺ ⅜ ꜟⱩכ♥⁸╘√╢⌂⌐≥↓╢∆ ╩ ╖ ╗ ⌐│ I/O ⅜

∆╢↓≤⌐⌂╡╕∆⁹ ⅜ ⌐ │☻◒♇♦Ⱪꜟ╕√│▬fiכ♥╢╣╦

FILLFACTOR ─ ╩♦ⱨ◊ꜟ♩ ⅛╠ →╢↓≤╩ ⇔╕∆⁹ 

 

ẽ CREATE TABLE ─  

ꜟⱩכ♥  ⌐ FILLFACTOR ╩ ∆╢⌐│ CREATE TABLE ─ WITH ⌐

⇔╕∆⁹ ∆╢⌐│ pg_class◌♃꜡◓─ reloptions ╩ ⇔╕∆⁹ 

 

 31 FILLFACTOR ─  

 

 

 

 

 

 

 

 

 

ẽ ALTER TABLE ─  

⌐ꜟⱩכ♥─   ⇔≡ FILLFACTOR ╩ ∆╢⌐│ ALTER TABLE ⌐ SET

≢ ⇔╕∆⁹FILLFACTOR ╩ ⇔≡╙ │♪כ◖꜠─ꜟⱩכ♥ ↕╣╕

∑╪⁹ 

 

 

 

 

  

postgres=> CREATE TABLE fill1(key1 NUMERIC, val1 TEXT) WITH (FILLFACTOR = 85) ;  

CREATE TABLE 

postgres=> SELECT relname,reloptions FROM pg_class WHERE relname='fill1' ;  

 relname |   reloptions  

--------- +-----------------  

 fill1   | {fillfactor=85}  

(1 row)  
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 32 FILLFACTOR ─ ⌐╟╢ ─┼♃כ♦  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ꜟⱩכ♥  fill1 ╩♃כ♦⌐ ⇔╕∆⁹heap_page_items5 ╩ ∫≡Ɑכ☺─ ╩

∆╢≤⁸ ─Ɑכ☺⌐│ 157 ♪כ◖꜠ ↕╣≡™╢↓≤⅜╦⅛╡╕∆⁹ALTER 

TABLE ╩ ⇔≡⁸FILLFACTOR ╩ ⇔⁸ Ɑכ☺─ ╩ ⇔≡™╕∆

⅜⁸ ♪כ◖꜠∂ ⅜ ↕╣≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

  

                                                   

pageinspect ꜟכꜙ☺⸗ 5 ≢ ↕╣≡™╕∆⁹ ⌐│ superuser ⅜ ≢∆⁹ 

postgres=> INSERT INTO fill1 VALUES (generate_series(1, 1000), 'data') ;  

INSERT 0 1000 

postgres=> SELECT MAX(lp) FROM heap_page_items(get_raw_page('fill1', 0)) ;  

max 

-----  

 157 

(1 row)  

postgres=> ALTER TABLE fill1 SET ( FILLFACTOR = 30) ;  

ALTER TABLE 

postgres=> SELECT MAX(lp) FROM heap_page_items(get_raw_page('fill1', 0)) ;  

max 

-----  

 157 

(1 row)  
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ꜟⱩכ♥ 3.2  

ꜟⱩכ♥ 3.2.1 ≤│ 

 PostgreSQL כꜙⱦה♪☼▬ꜝ▪ꜞ♥Ⱪꜟ⁸▬fi♦♇◒☻⁸ⱴכ♥⁸☻כⱬ♃כ♦│≢

─ ○Ⱪ☺▼◒♩│♥כⱩꜟ 6⌐ ╩כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁹∆╕╣↕

∆╢≤⁸ ≢ ꜟⱩכ♥─≈ ⅜ ↕╣╕∆⁹pg_default ꜟⱩכ♥ │ ꜚ

⅜כ◙כ ⇔╕∆⁹pg_global ꜟⱩכ♥ ⌐│ ≢☻כⱬ♃כ♦ ∆╢◦☻♥ⱶה

◌♃꜡◓⅜ ☻כⱬ♃כ♦⁹∆╕™≡╣↕ ꜟⱩכ♥⌐ TABLESPACE

╩ ⇔⌂™ ⁸pg_default ꜟⱩכ♥ ⅜ ↕╣╕∆⁹ 

 

ẽ Ɽꜝⱷכ♃כdefault_tablespace  

 Ɽꜝⱷכ♃כdefault_tablespace ꜙⱦה♪☼▬ꜝ▪ꜞ♥Ⱪꜟ⁸▬fi♦♇◒☻⁸ⱴכ♥│

כ ─○Ⱪ☺▼◒♩ ⌐ TABLESPACE ╩ ⇔√ ⌐ ꜟⱩכ♥╢╣↕

╩ ⇔╕∆⁹↓─Ɽꜝⱷכ♃כ─ │ CREATE DATABASE כⱬ♃כ♦╢╟⌐

☻─ ⌐│ ⇔╕∑╪⁹ 

 ↓─Ɽꜝⱷכ♃כ─♦ⱨ◊ꜟ♩ │õõ ≢⁸○Ⱪ☺▼◒♩─ ⱬ♃כ♦│⌐

⅜☻כ ꜟⱩכ♥√╣↕ ⅜ ↕╣╕∆⁹↓─Ɽꜝⱷכ♃כ│▬fi☻♃fi☻ ∞

↑≢│⌂ↄ⁸☿♇◦ꜛfi ≢╙ ∆╢↓≤⅜≢⅝╕∆⁹ 

 

ꜟⱩכ♥ 30  ─ ╩⇔⌂⅛∫√ ─○Ⱪ☺▼◒♩  

○Ⱪ☺▼◒♩ Ɽꜝⱷכ♃כdefault_tablespace ─  

Ɽꜝⱷכ♃כ №╡ Ɽꜝⱷכ♃כ ⌂⇔  

pg_default ☻כⱬ♃כ♦  pg_default  

ꜟⱩכ♥√╣↕ ꜟⱩכ♥ ≥☻כⱬ♃כ♦  ꜟⱩכ♥∂  

▬fi♦♇◒☻ ↕╣√♥כⱩꜟ ≥☻כⱬ♃כ♦  ꜟⱩכ♥∂  

ⱴ♥ꜞ▪ꜝ▬☼♪ה

ⱦꜙכ 

ꜟⱩכ♥√╣↕ ≥☻כⱬ♃כ♦  ꜟⱩכ♥∂  

ꜟⱩכ♥√╣↕ fi☻7◔כ◦ ≥☻כⱬ♃כ♦  ꜟⱩכ♥∂  

 

                                                   

6 Oracle Database ≤ ⁸₈ ₉≤ ┌╣╢ ╙№╡╕∆⁹ 

─☻fi◔כ◦ 7 ⌐│ TABLESPACE ⅜№╡╕∑╪⅜⁸↓─Ɽꜝⱷכ♃כ─

╩ ↑╕∆⁹ 
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 SET ╩ ∫≡☿♇◦ꜛfi ≢Ɽꜝⱷכ♃כ╩ ⇔√ ⁸ ⇔√ Ⱪכ♥─

ꜟ ⅜ ∆╢⅛⅜♅▼♇◒↕╣╕∆⅜⁸ ⌐○Ⱪ☺▼◒♩ ⅜№╢⅛≥℮⅛

│♅▼♇◒↕╣╕∑╪⁹ 

 postgresql.conf ⱨ□▬ꜟ╩ ∫≡▬fi☻♃fi☻ ≢Ɽꜝⱷכ♃כ╩ ⇔√ ⁸

ꜟⱩכ♥√╣↕ ─ │♅▼♇◒↕╣╕∑╪⁹╕√∕─ ⁸TABLESPACE ╩

∆╢≤ ꜟⱩכ♥─☻כⱬ♃כ♦ ⅜ ↕╣╕∆⁹ 

 

ꜟⱩכ♥™⌂⇔ 33  ╩ ↕╣√ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ Ɽꜝⱷכ♃כtemp_tablespaces 

  ○Ⱪ☺▼◒♩╩ ꜟⱩכ♥╢∆ ─ꜞ☻♩╩ ⇔╕∆⁹ ─ ⅜

↕╣≡™╢ ⁸ ꜟⱩכ♥╢╣↕ │ ⌐ ↕╣╕∆⁹ 

 

 

postgres=> SHOW default_tablespace ;  

 default_tablespace  

--------------------  

 ts _bad  њ postgresql.conf ⌐ ꜟⱩכ♥™⌂⇔ ╩  

(1 row)  

postgres=> CREATE TABLE data1 (c1 NUMERIC, c2 VARCHAR(10)) ;  

CREATE TABLE 

postgres=> \ d data1  

            Table "public.data1 "  

 Column |         Type          | Modifiers  

-------- +----------------------- +-----------  

 c1     | numeric               |  

 c2     | character varying(10) |  

  њ ♦ⱨ◊ꜟ♩─♥כⱩꜟ ⅜ ↕╣╢ 

postgres=> SET default_tablespace = ts_bad2 ;  

SET default_tablespace = ts_bad2 ;  

ERROR:  invalid value for parameter "default_tablespace": "ts_bad2"  

DETAIL:  Tablespace "ts_bad2" does not exist.  

ћ SET ⌐╟╢Ɽꜝⱷכ♃כdefault_tablespace │♅▼♇◒⅜ ╦╣╢⁹ 
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3.2.2 ○Ⱪ☺▼◒♩≤ⱨ□▬ꜟ─  

 PostgreSQL ꜟⱩכ♥╛☻כⱬ♃כ♦│≢ ─○Ⱪ☺▼◒♩│○Ɑ꜠כ♥▫fi◓ה◦☻♥

ⱶ─♦▫꜠◒♩ꜞ╛ⱨ□▬ꜟ≤ ⇔≡™╕∆⁹ 

 

ẽ ♥כⱩꜟ TABLESPACE ─  

 pg_default ꜟⱩכ♥ כ♃☻ꜝ◒ה☻כⱬ♃כ♦│ ─ base♦▫꜠◒♩ꜞ≤ ⇔╕

∆⁹ ꜟⱩכ♥─ ╩ ∆╢≤⁸{PGDATA}/pg_tblspc ♦▫꜠◒♩ꜞ⌐◦fiⱲꜞ♇◒ה

ꜞfi◒⅜ ↕╣╕∆⁹ 

 ◦fiⱲꜞ♇◒הꜞfi◒─ⱨ□▬ꜟ │⁸pg_tablespace◌♃꜡◓─ oid ⌐ ∆╢

≢∆⁹ 

 

ꜟⱩכ♥≥ꜞ♩◒꜠▫♦ 7   

 

 

 

 

 

 

 

 

 

 

 

 

  

 כ♃☻ꜝ◒ה☻כⱬ♃כ♦

/ usr/local/pgsql /data  

ꜟⱩכ♥  

/ usr/local/pgsql /tbl2  

ꜟⱩכ♥

oid  

ꜟⱩכ♥ filenode ꜟⱩכ♥  filenode  

base 

☻כⱬ♃כ♦ oid  

pg_tblspc  PG_9.6_201608131 

☻כⱬ♃כ♦ oid  
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ꜟⱩכ♥ 34  ≤♦▫꜠◒♩ꜞ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ꜟⱩכ♥  ╩ ∆╢≤⁸♦▫꜠◒♩ꜞ ⌐│₈PG_{VERSION}_{YYYYMMDDN} ₉

≤™℮ ─◘Ⱪה♦▫꜠◒♩ꜞ⅜ ↕╣╕∆⁹YYYYMMDD ꜟⱩכ♥│

≢│⌂ↄ⁸ⱨ◊כⱴ♇♩ ─ ∞≤ ╦╣╕∆⁹ 

 

ꜟⱩכ♥ 35  ─  

 

 

 

 

 

 

ẽ ♦כ♃ⱬכ☻─  

כ♃☻ꜝ◒ה☻כⱬ♃כ♦│⌐☻כⱬ♃כ♦  ≢ ─ ID oid ⅜ ↕╣╕∆⁹↓

─ oid │ pg_database ◌♃꜡◓─ oid ≤⇔≡ ∆╢↓≤⅜≢⅝╕∆ ╕√│

pg_stat_database ◌♃꜡◓─ datid ꜟⱩכ♥⁹ ─☻כⱬ♃כ♦⌐ oid ≤ ∂

─♦▫꜠◒♩ꜞ⅜ ↕╣╕∆⁹oid ─ ▫♥ꜞ▫♥כꜚ⁸│ oid2name ≢╙ ≢⅝╕

∆⁹ 

  

postgres=# CREATE TABLESPACE tbl2 LOCATION '/usr/local/pgsql /tbl2' ;  

CREATE TABLESPACE 

postgres=# SELECT oid, spcname FROM pg_tablespace ;  

  oid  |  spcname  

------- +------------  

  1663 | pg_default  

  1664 | pg_global  

 32788 | tbl2  

(3 rows)  

 

$ ls Έl / usr/local/pgsql /data/pg_tblspace   

total 0  

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

$ 

$ ls Έl / usr/local/pgsql /tbl2  

total 4  

drwx------  2 postgres postgres 6 Feb 11 13:23 PG_9.6_201608131 

$ 



 

65 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

─☻כⱬ♃כ♦ 36   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ○Ⱪ☺▼◒♩ ⅛╠ⱨ□▬ꜟ╩  

 pg_class◌♃꜡◓╩ ∆╢ ⌐⁸pg_relation_filepath ╩ ꜟⱩכ♥≡∫ ⅛

╠ⱨ□▬ꜟ ╩ ∆╢↓≤⅜≢⅝╕∆⁹↓─ ꜟⱩכ♥⌐ ⱴ♥ꜞ▪ꜝ▬☼♪הⱦ

כꜙ ▬fi♦♇◒☻ ╩ ∆╢≤⁸ ─╠⅛כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁸⌐℮╟─

Ɽ☻╩ ⇔╕∆⁹pg_default ꜟⱩכ♥─ ╩ ⇔≡™╢ │⁸pg_tblspc

♦▫꜠◒♩ꜞ ⌐ ↕╣≡™╢╟℮⌐ ↕╣╕∆⅜⁸ ⌐│◦fiⱲꜞ♇◒הꜞfi

◒ ─ⱨ□▬ꜟ⌐⌂╡╕∆⁹ 

 

postgres=> SELECT oid, datname FROM pg_database ; 

  oid  |  datname  

------- +-----------  

 13322 | postgres  

 24577 | demodb 

     1 | template1  

 13321 | template0  

(4 rows)  

 

$ oid2name 

All databases:  

    Oid  Database Name  Tablespace 

----------------------------------  

  24577         demodb  pg_default  

  13322       postgres  pg_default  

  13321      template0  pg_default  

1 template1  pg_default  

2  

$ ls - l base  

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 

$ 
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 37 ○Ⱪ☺▼◒♩≤ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ⱨ□▬ꜟ ─╖╩ ∆╢ │⁸pg_relation_filenode ╩ ⇔╕∆⁹ 

 

  

 

  

postgres=> CREATE TABLE data1( c1 NUMERIC, c2 CHAR(10))  ;  

CREATE TABLE 

postgres=> SELECT pg_relation_filepa th ('public.data 1')  ;  

 pg_relation_filepath  

----------------------  

 base/16394/16447 

(1 row)  

postgres => CREATE TABLE data2 (c1 NUMERIC, c2 CHAR(10)) TABLESPACE ts1  ;  

CREATE TABLE 

postgres => SELECT pg_relation_filepath('public.data 2')  ;  

             pg_relation_filepath  

----------------------------------------------  

pg_tblspc/32985/PG_9.6_201608131/16385/32986 

(1 row)  
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3.3 ⱨ□▬ꜟ◦☻♥ⱶ≤  

─כ♃☻ꜝ◒ה☻כⱬ♃כ♦ 3.3.1  ♪כ⸗

⌐כ♃☻ꜝ◒ה☻כⱬ♃כ♦  ↕╣≡™╢♦▫꜠◒♩ꜞ│⁸ ☿◒▪⅜╖─כ◙כꜚ

♪כ⸗╢⅝≢☻ 0700 ⌐⌂∫≡™╢ ╛ⱪכꜟ◓⁹∆╕╡№⅜ ☿◒▪⌐כ◙כꜚ

☻ ⅜ ↕╣≡™╢≤⁸▬fi☻♃fi☻╩ ≢⅝╕∑╪⁹ 

 

☻fi☻♃fi▬≥♪כ⸗ה☻☿◒▪ 38   

 

 

 

 

 

 

 

 

 

 ⅝♦▫꜠◒♩ꜞ⌐ ⇔≡ initdb ◖ⱴfi♪⅜ ⅜כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁸╣↕

↕╣╢≤⁸♦▫꜠◒♩ꜞ─ │♪כ⸗ ⌐ ꜟⱩכ♥√╕⁹∆╕╣↕ ⅜

↕╣√♦▫꜠◒♩ꜞ─ ╙♪כ⸗ ⌐ ↕╣╕∆⁹ 

 

  

$ chmod g+r data 

$ pg_ctl - D data start - w 

server starting  

FATAL:  data directory "/usr/local/pgsql/data" has group or world access  

DETAIL:  Permissions should be u=rwx (0700).  

$ echo $? 

1 
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─♪כ⸗ 39   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ▬fi☻♃fi☻ ─ כ♃☻ꜝ◒ה☻כⱬ♃כ♦│◒♇▼♅─♪כ⸗ ⌐ ↕╣

ꜟⱩכ♥√ ≢│ ╦╣╕∑╪⁹↓─√╘ ╩♪כ⸗ ⌐☻כⱬ♃כ♦╙≡⇔ ∆

╢  ⁹╪∑╕╡⌂⌐כꜝ◄│

 

  

$ mkdir data1  

$ ls Έld data1  

drwxrwxr- x 2 post gres postgres Feb 11 12:59 10:27 data1  

$ initdb data1  

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

<< >> 

    pg_ctl - D data1 - l logfile start  

$ ls Έld data1  

drwx------  14 post gres postgres 4096 Feb 11 12:59 data1  

$ 

$ mkdir ts1  

$ ls Έld ts1  

drwxr- xr - x. 2 post gres postgres 4096  Feb 11 12:59 ts 1 

$ psql  

postgres=# CREATE TABLESPACE ts1 LOCATION '/ usr/local/pgsql / ts 1'  ;  

CREATE TABLESPACE 

postgres=# \ q 

$ ls Έld ts1  

drwx------ . 3 post gres postgres 4096  Feb 11 12:59 ts 1 

 

 



 

69 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

ꜟⱩכ♥ 40  ─ ♪כ⸗  

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2 ⱨ□▬ꜟ─  

 PostgreSQL │☻◒♇♦Ⱪꜟ╛▬fiכ♥│≢ ─ⱨ□▬ꜟ≤⇔≡ ↕╣╕∆⁹ⱨ□▬

ꜟ⌐ ∆╢ I/O ╩ ⇔╕⇔√⁹ 

 

ẽ ♥כⱩꜟ  

╩ꜟⱩכ♥  ∆╢≤⁸ ∆╢ⱨ□▬ꜟ⅜ Ⱪꜟ≤ⱨ□▬ꜟ─ⱴ♇Ⱨכ♥⁹∆╕╣↕

fi◓│ oid2name ◖ⱴfi♪╛ pg_class◌♃꜡◓─ relfilenode ≢ ≢⅝╕∆⁹ 

 

─ꜟⱩכ♥ 41  ≤ⱨ□▬ꜟ 

 

 

 

 

 

 

 

 

 

 

 

 

postgres=> CREATE TABLE data1(c1 VARCHAR(10), c2 VARCHAR(10)) ;  

CREATE TABLE 

postgres=> SELECT relfilenode FROM pg_class WHERE relname='data1ΐ;  

relfilenode  

-------------  

       16446 

(1 row)  

 

$ cd data/base/16424/  

$ ls Έl 16446  

- rw-------  1 postgres postgres 0 Feb 11 16:48 16446 

 

postgres=# CREATE TABLESPACE ts1 LOCATION '/ usr/local/pgsql / ts 1'  ;  

CREATE TABLESPACE 

postgres=# \ q 

$ ls Έld ts1  

drwx------ . 3 post gres postgres 4096 Feb 11 12:59 ts 1 

$ chmod a+r ts1  

$ ls Έld ts1  

drwxr -- r -- . 3 post gres postgres 4096 Feb 11 12:59 ts 1 

$ pg_ctl - D data restart - m fast  - w 

waiting for server to shut down.... done  

server stopped  

server starting  
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ꜟⱩכ♥  ─ ≢│◘▬☼ 0─ ⱨ□▬ꜟ≢№╢↓≤⅜╦⅛╡╕∆⁹↓─♥כⱩꜟ⌐

╩♪כ◖꜠ ⇔╕∆⁹TRUNCATE ≢ ╡ ╘╠╣√ ╙ ≢∆⁹ 

 

 42 ♅▼♇◒ⱳ▬fi♩ ─ⱨ□▬ꜟ 

 

 

 

 

 

 

  ♅▼♇◒ⱳ▬fi♩⅜ ⇔≡™⌂™─≢⁸◘▬☼│ ↕╣╕∑╪⁹ ♅▼♇◒ⱳ▬fi

♩╩ ∆╢≤ⱨ□▬ꜟ⌐ ⅝ ╖⅜ ╦╣╕∆ writer ⱪ꜡☿☻⌐╟╢ ⅝ ╖⅜ ╦

╣╢ ⅜№╡╕∆ ⁹ 

 

 43 ♅▼♇◒ⱳ▬fi♩ ─ⱨ□▬ꜟ 

 

 

 

 

 

 

 

Ⱪ꜡♇◒◘▬☼≢№╢ 8 KB ≢ ⅝ ╕╣≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

ẽ ♦כ♃─ ≤  

 PostgreSQL │ ─ RDBMS ─♪כ◖꜠⁸╘√╢№≢ ╩ ℮≤⁸ │♪כ◖꜠

↕╣∏⁸ ☺כⱭ⅜♪כ◖꜠─ ⌐ ↕╣╕∆⁹ 

 

  

postgres=> INSERT INTO data1 VALUES('ABC', '123') ;  

INSERT 01 

postgres=> \ q 

$ ls Έl 16446  

- rw-------  1 postgres postgres 0 Feb 11 16:53 16446 

postgres=# CHECKPOINT ; 

CHECKPOINT 

postgres=# \ q 

 

$ ls Έl 16446  

- rw-------  1 postgres postgres 8192 Feb 11 16:54 16446 
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 44 UPDATE ─ ≤ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Ⱬ♇♄⅜ ⅝ ╕╣⁸Ⱪ꜡♇◒─ ⅛╠ ⅜♪כ◖꜠─ ↕╣≡™╢↓≤⅜╦⅛

╡╕∆⁹╕√ ⅜♪כ◖꜠─ ↕╣≡™╢↓≤╙╦⅛╡╕∆⁹↓─ ⌐╟╡⁸꜠ ◖

─♪כ │Ⱪ꜡♇◒ ≢ ↕╣≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

ẽ ─  

╩♪כ◖꜠  ∆╢≤⁸Ⱪ꜡♇◒│™∫┐™⌐⌂╡╕∆⁹ Ⱪ꜡♇◒ ⌐

⌂ ⅜№╢ ⁸Ⱪ꜡♇◒ ─ ⅜ ↕╣⁸ ⌂ ╡ Ɑכ☺⅜ ↕

╣╕∆ Heap Only Tuples / HOT ⁹ 

 

3.3.3 Visibility Map ≤ Free Space Map 

Ⱪꜟ╛▬fi♦♇◒☻│⁸כ♥  ◘▬☼⌐╟╡ ─ⱨ□▬ꜟ≤⇔≡ ↕╣╕∆⁹

⅜♃כ♦ ↕╣╢ⱨ□▬ꜟ ⌐○Ⱪ☺▼◒♩ ⌐ ↕╣╢ⱨ□▬ꜟ⅜ Visibility 

Map ≤ Free Space Map ≢∆⁹Visibility Map ≤ Free Space Map ⱨ□▬ꜟ│♥כⱩꜟ⁸

UNLOGGED ╖─⌐כꜙⱦה♪☼▬ꜝ▪ꜞ♥Ⱪꜟ⅔╟┘ⱴכ♥ ↕╣╕∆⁹∕─ ─

○Ⱪ☺▼◒♩ TOAST Ⱪꜟ⁸TOASTכ♥ ▬fi♦♇◒☻⁸▬fi♦♇◒☻⁸◦כ◔fi☻

⌐│ ↕╣╕∑╪⁹ 

 

postgres=> UPDATE data1 SET c1='DEF', c2='456'  ;  

UPDATE 1 

postgres=# CHECKPOINT ; 

CHECKPOINT 

 

$ od Έa 16446 

0000000 nul nul nul nul   P  bs stx dc2 soh nul nul nul  sp nul   @  us  

0000020 nul  sp eot  sp  ff dc4 etx nul   `  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  vt dc4 etx nul  ff dc4 etx nul nul nul nul nul nul nul nul nul  

0017760 stx nul stx   @ stx soh can nul  ht   A   B   C   ht   1   2   3  

0020000 
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ẽ Visibility Map  

 Visibility Map │●ⱬכ☺⅜ ∆╢Ɑכ☺ Freeze ⅜ ╦╣√Ɑכ☺╩ ∆╢ⱨ

⌐ꜟ▬□Ⱪꜟ─ⱨכ♥⁹∆≢ꜟ▬□ ╕╣╢ Ɑכ☺╩ 2 ⱦ♇♩≢ ⇔╕∆⁹ⱨ□▬ꜟ

│₈{REL FILENODE }_vm₉ ≢∆⁹ ◘▬☼│ 8 KB ꜟⱩכ♥⁹∆≢ ⁸ ─

♅▼♇◒ⱳ▬fi♩╕√│ VACUUM ⌐ ↕╣╕∆⁹↓─ⱨ□▬ꜟ╩ ∆╢↓≤≢⁸

VACUUM ⌐●ⱬכ☺⅜ ⇔⌂™Ɑכ☺╩☻◐♇ⱪ⇔⁸VACUUM ─ I/O

╩ ∆╢↓≤⅜≢⅝╕∆⁹ ⌐│ ⌂♃ⱪꜟ⅜ ⇔⌂™Ɑכ☺ Visible ⅜ 32

⇔≡™╢ ⌐ ╡ ╩☻◐♇ⱪ⇔╕∆⁹↓─ ♪כ◖☻כ♁│

src/backend/command s/vacuumlazy.c ⌐ SKIP_PAGES_THRESHOLD ⱴ◒꜡≢

↕╣≡™╕∆⁹ 

  Visibility Map ─ ╩ ∆╢√╘⌐│ Contrib ─ꜟכꜙ☺⸗ pg_visibility ╩ ∆

╢↓≤⅜≢⅝╕∆ PostgreSQL 9.6 ⅛╠ ⁹ 

 

 45 Visibility Map ─  

 

 

 

 

 

 

 

 

 

 

 

 

ẽ Free Space Map 

  Free Space Map│♥כⱩꜟהⱨ□▬ꜟ ─ Ɑכ☺⅜≥─ ⅝ ⅜№╢⅛╩

∆╢ⱨ□▬ꜟ≢∆⁹♥כⱩꜟ─ⱨ□▬ꜟ⌐ ╕╣╢ Ɑכ☺╩ 1Ᵽ▬♩≢ ⇔╕∆⁹

ⱨ□▬ꜟ │₈{REL FILENODE }_fsm₉≢∆⁹↓─ⱨ□▬ꜟ╩ כ◖꜠⁸≢≥↓╢∆

♪─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⌂╡╕∆⁹ ◘▬☼│ 24 KB ≢∆⁹♥

ꜟⱩכ ⁸ ─ VACUUM ⌐ ↕╣╕∆⁹╕√ VACUUM ↔≤⌐

↕╣╕∆⁹ 

 VACUUM │ Visibility Map ╩ ⇔⌂⅜╠ ╩ ™⁸Free Space Map╩ ⇔╕

∆⁹ 

 

postgres=# CREATE EXTENSION pg_visibility ; 

CREATE EXTENSION 

postgres=# SELECT pg_visibility_map('data1') ;  

 pg_visibility_map  

-------------------  

 (0,t,f)  

 (1,t,f)  

 (2,t,f)  

 (3,t,f)  

<< >> 
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 8 Visibility Map ≤ Free Space Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 46 Visibility Map ≤ Free Space Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.4 VACUUM  

 ↓↓≢│ VACUUM ⌐╟╡⁸ⱨ□▬ꜟ─ ⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕∆⁹

│ VACUUM ╩ Ɽꜝⱷכ♃ autovacuum=off ⇔≡ ™╕⇔√⁹ 

 

ẽ VACUUM CONCURRENT  

 VACUUM CONCURRENT │⁸ ╩ ⌂ ⌐ⱴכ◐fi◓⇔╕∆⁹

postgres=> SELECT relname, relfilenode FROM pg_class  

 WHERE relname='data1' ;  

relname  | relfilenode  

--------- +-------------  

 data1   |       16409  

(1 row)  

 

$ cd data/base/16385  

$ ls 16409 * 

- rw-------  1 post gres postgres  8192 Feb 11 16:46 16409 њ Table 

- rw-------  1 post gres postgres 24576 Feb 11 16:46 16409_fsm њ Free Space Map 

- rw-------  1 post gres postgres  8192 Feb 11 16:46 16409_vm њ Visibility Map  

$ 

Table           Visibility Map  Free Space Map 
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─ ≢⁸Ⱪ꜡♇◒─ ⅜≥─╟℮⌐ ∆╢⅛ ⇔╕∆⁹ 

 

♃כ♦ 47  12  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♪כ◖꜠ 1 KB ╩ꜟⱩכ♥─ ╩♪כ◖꜠⁸12⇔ ⇔╕∆⁹↓╣⌐╟╡ 2Ⱪ꜡♇

⅜ꜟⱩכ♥─◒ ↕╣╕∆⁹ 

 

♃כ♦ 48  ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

postgres=> CREATE TABLE data1 (c1 CHAR(500) NOT NULL, c2 CHAR(500) NOT NULL) ; 

CREATE TABLE 

postgres=> INSERT INTO data1 VALUES ('A AA',  '1 11')  ;  

postgres=> INSERT INTO data1 VALUES (' BBB',  ' 222')  ;  

postgres=> INSERT INTO data1 VALUES (' CCC',  ' 333')  ;  

postgres=> INSERT INTO data1 VALUES (' DDD',  ' 444')  ;  

postgres=> INSERT INTO data1 VALUES (' EEE',  ' 555')  ;  

postgres=> INSERT INTO data1 VALUES (' FFF',  ' 666')  ;  

postgres=> INSERT INTO data1 VALUES (' GGG',  ' 777')  ;  

postgres=> INSERT INTO data1 VALUES (' HHH',  ' 888')  ;  

postgres=> INSERT INTO data1 VALUES (' III ',  ' 999')  ;  

postgres=> INSERT INTO data1 VALUES (' JJJ',  ' 000')  ;  

postgres=> INSERT INTO data1 VALUES ('A AA',  ' aaa')  ;  

postgres=> INSERT INTO data1 VALUES ('A AA',  ' bbb')  ;  

INSERT 0 1 

postgres=# CHECKPOINT ;  

CHECKPOINT 

$ oid2name Έd data db1 

From database " datadb1":  

  Filenode  Table Name  

----------------------  

     16470       data 1 

 

$ cd / usr/local/pgsql /data/base/16424  

$ ls Έl 16470  

- rw-------  1 postgres postgres 16384 Feb 11 10:56 16470 
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 49 Ⱪ꜡♇◒ Ⱪ꜡♇◒  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

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  sp  sp  sp  sp  sp  sp  

*  

0002720  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   7   7   7   sp 

*   

0003740 ack nul stx nul stx  bs can nul   ` bel nul nul   F   F   F   sp 

*   

0004740   ` bel nul nul   6   6   6   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0005760   ` bel nul nul   E   E   E   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0006740  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   5   5   5   sp 

*  

0007760 eot nul stx nul stx  bs can nul   ` bel nul nul   D   D   D   sp 

*   

0010760   ` bel nul nul   4   4   4   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0012000   ` bel nul nul   C   C   C   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0012760  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   3   3   3   sp 

*   

0014000 stx nul stx nul stx  bs can nul   ` bel nul nul   B   B   B   sp 

*   

0015000   ` bel nul nul   2   2   2   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0016020   ` bel nul nul   A   A   A   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0017000  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   1   1   1   sp 

*  
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 50 Ⱪ꜡♇◒ 2Ⱪ꜡♇◒  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⱪ꜡♇◒─ ╩♪כ◖꜠ ⇔⁸VACUUM ╩ ⇔╕∆⁹ 

 

  

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   p etb dle  bs  

0020040   h dc3 dle  bs   `  si dle  bs   X  vt dle  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 l  

*  

0025760   ` bel nul nul   L   L   L   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 

*   

0027760 eot nul stx nul stx  bs can nul   ` bel nul nul   K   K   K   sp 

*   

0030760   ` bel nul nul   a   a   a   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0032000   ` bel nul nul   J   J   J   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0032760  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   0   0   0   sp 

*   

0034000 stx nul stx nul stx  bs can nul   ` bel nul nul   I   I   I   sp 

*   

0035000   ` bel nul nul   9   9   9   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0036020   ` bel nul nul   H   H   H   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   

0037000  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   8   8   8   sp 

0037020  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0040000 
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♪כ◖꜠ 51  ≤ VACUUM  

 

 

 

 

 

 

 

 

 ↓─ ⌐╟╡Ⱪ꜡♇◒ ⅜≥─╟℮⌐ ⇔√⅛╩ ⇔╕∆⁹ ─ │⁸

VACUUM ─Ⱪ꜡♇◒ ╩ ⇔≡™╕∆⁹Ⱪ꜡♇◒ ≢⁸ ◒♇꜡Ⱪ⅜♪כ◖꜠⌂

┼ ↕╣⁸Ⱬ♇♄≤Ⱪ꜡♇◒ ─ ⌐ ⅝ ⅜ ↕╣≡™╕∆⁹↓─ ⌐╟╡⁸

⇔√ ⅝ ╩ ⇔≡™╢↓≤⅜╦⅛╡╕∆⁹√∞⇔⁸ ♪כ◖꜠─ ≢│

001740 C1=õGGGõ, C2=õ777õ─꜠◖⁸003740≥♪כ C1=õLLL õ ,C2=õbbbõ─꜠◖כ♪ │

⇔≡ ↕╣≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

postgres=> DELETE FROM data1 WHERE c1 IN ( ' CCC' , 'JJJ') ;  

DELETE 2 

postgres=# CHECKPOINT ;  

CHECKPOINT  

postgres=> VACUUM data1 ;  

VACUUM 

Ⱪ꜡♇◒ ♪כ◖꜠─ │ HOT (Heap On Tuples ) ─ ≢╙ ↕╣≡™╕

∆⁹Ɑכ☺ ⌐ ⅝ ⅜ ⇔≡™╢≤ ↕╣√ ⌐│⁸Ⱪ꜡♇◒ ≢ VACUUM

─ ╩ ™╕∆⁹ ─Ɑכ☺⌐ ⅜ ↕╣≡™╕∆⁹ 

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

http://lets.postgresql.jp/documents/tutorial/hot_2/hot2_2
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 52 VACUUM Ⱪ꜡♇◒  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

*  

0001740   ` bel nul nul   G   G   G   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0002720  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   7   7   7   sp 

*  

0003740 bel nul stx nul stx  ht can nul   ` bel nul nul   G   G   G   sp 

*  

0004740   ` bel nul nul   7   7   7   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0005760   ` bel nul nul   F   F   F   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0006740  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   6   6   6   sp 

*  

0007760 enq nul stx nul stx  ht can nul   ` bel nul nul   E   E   E   sp 

*  

0010760   ` bel nul nul   5   5   5   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0012000   ` bel nul nul   D   D   D   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0012760  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   4   4   4   sp 

*  

0014000 stx nul stx nul stx  ht can nul   ` bel nul nul   B   B   B   sp 

*  

0015000   ` bel nul nul   2   2   2   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0016020   ` bel nul nul   A   A    A  sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0017000  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   1   1   1   sp 

*  



 

79 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

 53 VACUUM 2Ⱪ꜡♇◒  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ VACUUM ─  

  VACUUM ≢ ⅝ ╩ ╩♃כ♦⁸╘√√⅝≢ ⇔╕∆⁹ 

 

♃כ♦ 54   

 

 

 

 

 

 

0020000 nul nul nul nul dle   H stx nak soh nul soh nul   , nul   `  si  

*  

0025760   ` bel nul nul   L   L   L   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 

*  

0027760 enq 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   I   I   sp 

*  

0035000   ` bel nul nul   9   9   9   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0036020   ` bel nul nul   H   H   H   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*  

0037000  sp  sp  sp  sp  sp  sp  sp  sp   ` bel nul nul   8   8   8   sp 

*  

0040000 

postgres=> INSERT INTO data1 VALUES ('MMM', 'ccc') ;  

INSERT 0 1 

postgres=# CHECKPOINT ;  

CHECKPOINT  
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 55 INSERT 1Ⱪ꜡♇◒  

 

 

 

 

 

 

 

 

 

 

 

 ─╟℮⌐⁸↓╣╕≢ ⇔≡ ↕╣≡™√ 0001740 ⅜ ⅝↕╣≡™╢↓≤

⅜╦⅛╡╕∆⁹↓─ ─ꜟⱩכ♥│ FILLFACTOR ⌐╟∫≡ ⌂╢ ⅜№╡╕∆⁹ 

 

ẽ VACUUM FULL  

 VACUUM FULL │⁸ ─♪כ◖꜠ ∞↑≢⌂ↄ⁸ⱨ□▬ꜟ─ ╙ ⇔╕

∆⁹ ─ⱨ□▬ꜟ⅜≥─╟℮⌐ ∆╢⅛╩ ⇔╕∆⁹ 

  VACUUM FULL ╩ ∆╢≤⁸ⱨ□▬ꜟ ≤ⱨ□▬ꜟ─ i -node⅜ ↕╣≡™╢↓≤

⅛╠⁸ ─ⱨ□▬ꜟ⅜ ↕╣╢↓≤⅜╦⅛╡╕∆⁹↓─↓≤⅛╠ VACUUM FULL │

─ⱨ□▬ꜟ╩ ─♪כ◖꜠⁸╖ ╩⇔⌂⅜╠ ⱨ□▬ꜟ╩ ∆╢↓≤≢ⱨ□▬

ꜟ─ ╩ ∫≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

 56 VACUUM VACUUM FULL  

 

 

 

 

 

 

 

 

 

 

 

 

$ ls - li  16470 њ VACUUM FULL─ⱨ□▬ꜟ 

558969 - rw-------  1 postgres postgres 16384 Feb 11 11:39 16470 

 

$ oid2name - d datadb1  

From database " datadb1":  

  Filenode  Table Name  

----------------------  

     16476       data1 њ VACUUM FULL≢ Filenode ⅜ ↕╣√⁹ 

 

$ ls - li  16476 њ ⱨ□▬ꜟ ≤ i - node⅜ ↕╣√ 

558974 - rw-------  1 postgres postgres 16384 Feb 11 11:47 16476 

 

 

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   c   c   c   sp 

*   

0003740 bel nul stx nul stx  ht can nul   `  bel nul nul   G   G   G   sp 

*   

0004740   ` bel nul nul   7   7   7   sp  sp  sp  sp  sp  sp  sp  sp  sp  

*   
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╠⅛ꜟⱩכ♥─  ⌐☻כⱬ♃כ♦╢╣↕ ⇔≡ VACUUM FULL ╩ ∆╢

⁸ ⌐ ↕╣╢ VACUUM │ ∆≢↑∞ꜟⱩכ♥ CONCURRENT 

VACUUM ╙ ⁹╕√⁸ ☿◓ⱷfi♩⅛╠ ⌐ꜟⱩכ♥╢╣↕ ⇔≡ VACUUM 

FULL ╩ ∆╢ ⁸ ⱨ□▬ꜟ─ VACUUM FULL ⅜ ╩ꜟⱩכ♥≢╕╢∆

∆╢∆═≡─ⱨ□▬ꜟ│ ↕╣╕∆⁹↓─√╘ ꜟⱩכ♥⌂ ─☿◓ⱷfi♩

⅛╠ ↕╣╢ ≢│⁸ ☺כ꜠♩☻─ꜟⱩכ♥⌐ ⅜ ≢ ⌐⌂╢ ⅜

№╡╕∆⁹ 

 

ẽ ≤  

⌐ꜟⱩכ♥─♪כ◖꜠1,000  ⇔≡ ♪כ◖꜠ ≢ UPDATE ╩ ∆╢ ≤⁸

⌐♪כ◖꜠ ⇔≡ 1,000 UPDATE ╩ ∆╢ ≢│⁸VACUUM ≤⌂╢

─♪כ◖꜠ ⅜ ⌂╡╕∆⁹ ─ │ ⅜כⱧ◖─♪כ◖꜠ ↕╣╢─⌐

⇔⁸ ─♪כ◖꜠ ≢│ VACUUM ╩ ∆╢ ⌐⁸Ⱪ꜡♇◒ ─ ─♪כ◖꜠

⅜ ╦╣╢√╘≢∆⁹ 

 

  



 

82 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

 57 ⌐╟╢Ⱪ꜡♇◒ ─  

 

 

 

 

 

 

 

 

 

 

 

  

postgres => CREATE TABLE data1(c1 NUMERIC, c2 VARCHAR(100), c3 VARCHAR(100))  ;  

CREATE TABLE 

--  insert 1000 records  

postgres => SELECT relpages,  reltuples FROM pg_class WHERE relname='data 1'  ;  

 relpages | reltuples  

---------- +-----------  

        8 |      1000  

(1 row)  

postgres => UPDATE data1 SET c1=c1+1 ;  њ  

UPDATE 1000 

postgres => SELECT relpages,  reltuples FROM pg_class where relname='data 1'  ;  

 relpages | reltuples  

---------- +-----------  

       15 |      1000  њ Ⱪ꜡♇◒ ⅜ ⅎ≡™╢ 

(1 row)  

postgres => TRUNCATE TABLE data1 ;  

--  insert 1000 records  

postgres=> UPDATE data1 SET C2='TEST' WHERE c1=100 ;  --  1,000  

UPDATE 1 

postgres => SELECT relpages,  reltuples FROM pg_class WHERE relname='data 1'  ;  

 relpages | reltuples  

---------- +-----------  

        8 |      1000  њ Ⱪ꜡♇◒ │ ⅎ≡™⌂™ 

(1 row)  
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 ꜟ▬□ⱨהⱪfiכ○ 3.3.5

 PostgreSQL ⅜▬fi☻♃fi☻ ≡™≈⌐ꜟ▬□ⱪfi∆╢ⱨכ○≢ ⇔╕⇔√⁹Linux ─

lsof◖ⱴfi♪╩ ⇔⁸ⱪ꜡☿☻≤○כⱪfi⇔≡™╢ⱨ□▬ꜟ─ ╩ ═≡™╕∆⁹ 

 

ẽ ▬fi☻♃fi☻  

 ▬fi☻♃fi☻ │⁸ logger process ⱪ꜡☿☻⅜꜡◓ⱨ□▬ꜟ╩○כⱪfi⇔⁸

autovacuum launcher ⱪ꜡☿☻⅜ pg_database◌♃꜡◓⌐ ∆╢ⱨ□▬ꜟ╩○כⱪfi⇔

╕∆⁹ 

 

 ꜟ▬□ⱨהⱪfiכ○ 31 

ⱪ꜡☿☻ ○Ⱪ☺▼◒♩ ⱨ□▬ꜟ 

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

logger process8 {PGDATA}/pg_log/postgresql -{DATE}.log  

autovacuum launcher  pg_database 

 

ẽ ꜚכ◙כ  

 ◒ꜝ▬▪fi♩⅜ ∆╢≤⁸Ᵽ♇◒◄fi♪הⱪ꜡☿☻ postgres ⅜⁸pg_am◌♃꜡◓╩

─כ◙כꜚ√╕ⱪfi⇔╕∆⁹כ○ ⅜ ⅛│ ≢∆⅜⁸checkpointer ⱪ꜡☿☻⅜◌

꜠fi♩─WAL ⱨ□▬ꜟ╩○כⱪfi⇔╕∆⁹ 

 

  

                                                   

8 Ɽꜝⱷכ♃כ logging_collector = on  
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 ꜟ▬□ⱨהⱪfiכ○ 32 

ⱪ꜡☿☻ ○Ⱪ☺▼◒♩ ⱨ□▬ꜟ 

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  

 

ẽ ♩ꜝfi◙◒◦ꜛfi─  

 ♩ꜝfi◙◒◦ꜛfi⅜ ∆╢≤⁸Ᵽ♇◒◄fi♪הⱪ꜡☿☻│ ─○Ⱪ☺▼◒♩

∞↑≢⌂ↄ⁸◌꜠fi♩─WAL  ⱪfi⇔╕∆⁹כ○╩

 

 ꜟ▬□ⱨהⱪfiכ○ 33 

ⱪ꜡☿☻ ○Ⱪ☺▼◒♩ ⱨ□▬ꜟ 

postgres pg_xlog/{WALFILE}  

postgres ○Ⱪ☺▼◒♩ 

 

ẽ ꜚכ◙כ  

⅜☻☿꜡ⱪה♪⁸Ᵽ♇◒◄fi≥╢∆☼כ꜡◒⅜כ◙כꜚ  ╢™≡⇔ⱪfiכ○⁸╘√╢∆

ⱨ□▬ꜟ│ ⌐ ╡╕∆⁹ 

 

 ꜟ▬□ⱨהⱪfiכ○ 34 

ⱪ꜡☿☻ ○Ⱪ☺▼◒♩ ⱨ□▬ꜟ 

autovacuum launcher  pg_database 

logger process {PGDATA}/pg_log/postgresql -{DATE}.log  
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 ─ ⅛╠⁸PostgreSQL │ ↄ─ⱨ□▬ꜟ⌐≈™≡ ⌐⌂∫√ ⇔☼כ꜡◒≢

≡™╢↓≤⅜╦⅛╡╕∆⁹꜡◓ⱨ□▬ꜟ╛WAL ⱨ□▬ꜟ╙ ⌂ ⱪfi⇔⁸כ○≢

 ⁹∆╕╡⅛╦⅜≥↓╢™≡⇔☼כ꜡◒≥╢⌂⌐

 

3.3.6 ⱪ꜡☿☻─ WAL─ ⅝ ╖  

  ♩ꜝfi◙◒◦ꜛfi⅜ ∆╢≤ WAL ⱨ□▬ꜟ⌐ ⅝ ╖⅜ ╦╣╕∆⁹WAL ─ ⅝

╖│ wal writer ⱪ꜡☿☻╕√│ postgresⱪ꜡☿☻⅜ ™╕∆⁹ ⌂♪◐ꜙⱷfi♩≢│

WAL ─ ⅝ ╖│ wal writer ⱪ꜡☿☻─╖⅜ ⇔≡™╢╟℮⌐ ⅛╣≡™╕∆⅜⁸

⌐│ postgresⱪ꜡☿☻╙ ⅝ ╖╩ ™╕∆⁹WAL ╩ ⅝ ╗ⱪ꜡☿☻─ ⌐≈

™≡│ ⌂ ╩ ∫≡™╕∑╪⁹ 

 

ẽ Ɽꜝⱷכ♃כsynchronous_commit = on ─  

 ─ │⁸Ɽꜝⱷכ♃כsynchronous_commit  = on ♦ⱨ◊ꜟ♩ ─▬fi☻♃fi☻⌐

╩ꜟⱩכ♥≡⇔ ⁸INSERT ╩ ⇔√ ─ postgresⱪ꜡☿☻─◦☻♥ⱶ◖כ

ꜟ╩ ⇔≡™╕∆⁹postgresⱪ꜡☿☻⅜WAL ─ ⅝ ╖╩ ∫≡™╕∆⁹ 

 

 58 postgresⱪ꜡☿☻⅜ ∆╢◦☻♥ⱶ◖כꜟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 1: recvfrom(10, "Q \ 0\ 0\ 0, INSERT INTO data1 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: lseek(16, 0, SEEK_END)                  = 0  

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

 6: kill(7487, SIGUSR1)                     = 0  

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

 8: open("pg_xlog/000000010000000D000000DA", O_RDWR) = 17 

 9: lseek(17, 6381568, SEEK_SET)            = 6381568  

10: write(17, "u \ 320\ 5\ 0\ 1\ 0\ 0\ 0\ 0`a\ 332\ r \ 0\ 0005\ 4\ 0\ 0\ 0\ 0\ 0\ 0"..., 8192)  =   8192 

11: fdatasync(17)                           = 0  

12: sendto(9, " \ 2\ 0\ 0\ 0\ 230\ 2\ 0\ 0\ n@\ 0\ 0\ 6\ 0\ 0\ 0\ 0\ 0\ 0\ 0"..., 664, 0, NULL, 0) = 664  

13: sendto(10, "C \ 0\ 0\ 0\ 17INSERT 0 1\ 0Z\ 0\ 0\ 0\ 5I", 22, 0, NULL, 0) = 22  
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 35 ↕╣√◦☻♥ⱶ◖כꜟ 

  

╠⅛♩☻ⱱה♩כ⸗ꜞ 1 INSERT ╩  

ꜟⱩכ♥ 2 ⱨ□▬ꜟ─▪◒☿☻ fsm ⱨ□▬ꜟ╩  

ꜟⱩכ♥ 3 ⱨ□▬ꜟ─▪◒☿☻ ⱪfiכ○╩ꜟ▬□ⱨ♃כ♦  

ꜟⱩכ♥ 4 ⱨ□▬ꜟ─  

ꜟⱩכ♥ 5 ⱨ□▬ꜟ─  

6 ⱪ꜡☿☻ ID 7487 (writer process) ┼◦◓♫ꜟ  

ꜟⱩכ♥ 7 ⱨ□▬ꜟ─ Ɑכ☺─  

8 WAL  ⱪfiכ○─

9 WAL ─  

10 WAL ─ ⅝ ╖ 

11 WAL ─  

12 UDP Ⱡ♇♩꞉כ◒┼  

13 TCP☿♇◦ꜛfi┼  

 
ẽ Ɽꜝⱷכ♃כsynchronous_commit = off ─  

 Ɽꜝⱷכ♃כsynchronous_commit  ╩ off ⌐ ⇔√≤↓╤⁸WAL ─ ⅝ ╖│ wal 

writer ⱪ꜡☿☻⅜ ℮╟℮⌐⌂╡╕⇔√⁹postgres ⱪ꜡☿☻│ WAL ⱨ□▬ꜟ⌐▪◒☿☻

─ꜟ▬□ⱨ♃כ♦⁹╪∑╕™≡⇔ ╖ ╖╩ ∫√ ⁸wal writer ⱪ꜡☿☻ ⱪ꜡☿☻ ID 

7635 ⌐ ⇔≡ SIGUSR1 ◦◓♫ꜟ╩ ⇔≡™╕∆⁹ 
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 59 postgresⱪ꜡☿☻⅜ ∆╢ ⌂◦☻♥ⱶ◖כꜟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 60 wal writer ⱪ꜡☿☻⅜ ∆╢ ⌂◦☻♥ⱶ◖כꜟ 

 

 

 

 

 

 

 

 

 wal writer ⱪ꜡☿☻│ SIGUSR1 ◦◓♫ꜟ╩ ↑≡⁸Ɽ▬ⱪ─ ╩ ™⁸WAL ⱨ□

▬ꜟ⌐ ⅝ ╪≢™╕∆⁹ 

 

ẽ ♩ꜝfi◙◒◦ꜛfi 

 ⅜WAL Ᵽ♇ⱨ□⌐ ≢⅝⌂™ ⁸♩ꜝfi◙◒◦ꜛfi─ ⌐WAL ⱨ□

▬ꜟ⅜ ↕╣╕∆⁹∕─ │ postgresⱪ꜡☿☻≤ wal writer ⱪ꜡☿☻⅜ ⌐ ⇔

⌂⅜╠ ⱪ꜡☿☻⅜WAL ⱨ□▬ꜟ╩ ⇔╕∆⁹ 

 

recvfrom(10, "Q \ 0\ 0\ 0.insert into data1 values (1"..., 8192, 0, NULL, NULL) = 47  

open("base/16499/16519_fsm", O_RDWR)    = 34 

lseek(34, 0, SEEK_END)                  = 40960  

lseek(34, 0, SEEK_SET)                  = 0 

read(34, " \ 0\ 0\ 001!\ 312\ 0\ 0\ 0\ 0\ 30\ 0\ 0 \ 0 \ 4 \ 0\ 0\ 0\ \ 0\ 350\ 350\ 0\ 350"..., 8192) = 

8192 

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

lseek(35, 44269568, SEEK_SET)           = 44269568  

read(35, " \ 1\ 0\ 0\ 0\ 260774\ 2P\ f \ 0 \ 4 \ 0\ 0\ 0\ 0\ 330\ 237D\ 0\ 260\ 237D\ 0"..., 8192) = 8192  

kill(7635, S IGUSR1)                     = 0  

sendto(9, " \ 2\ 0\ 0\ 0\ 320\ 3\ 0\ 0s@\ 0\ 0\ t \ \ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0"..., 976, 0, NULL, 0) = 

976 

sendto(9, " \ 2\ 0\ 0\ 0\ 320\ 3\ 0\ 0s@\ \ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0"..., 976, 0, NULL , 0) = 

976 

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

560 

sendto(10, "C \ 0\ 0\ 0\ 17INSERT 0 1\ 0Z\ 0\ 0\ 0\ 5I", 22, 0, NULL, 0) = 22  

---  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 , "} \ 320\ 6\ 0\ 1\ 0\ \ 27\ 1\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0L<\ 302x\ 322cuS"..., 8192) = 8192  

fdatasync(5)  
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3.3.7 ⱪ꜡☿☻─ checkpointer ⌐╟╢ ⅝ ╖  

  checkpointer ⱪ꜡☿☻│ ╡♅▼♇◒ⱳ▬fi♩╩ ∆╢ⱪ꜡☿☻≢∆⁹♅▼♇◒

ⱳ▬fi♩⅜ ⌐ꜟ▬□ⱨ♃כ♦╩□Ᵽ♇ⱨה▫♥כ♄⁸≥╢∆ ⅝ ╖⁸ Ᵽ♇ⱨ□≤

─☺כ꜠♩☻ ╩ ↕∑╕∆⁹ ─ │ CHECKPO INT ╩ ⇔√ ⌐

checkpointer ⱪ꜡☿☻⅜ ⇔≡™╢◦☻♥ⱶ◖⁹∆≢─╙√⇔☻כ꜠♩╩ꜟכ 

 

 61 checkpointer ⌐╟╢ ⅝ ╖  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  pg_clog♦▫꜠◒♩ꜞ ⌐♅▼♇◒ⱳ▬fi♩ ╩ ⅝ ╖⁸ ⌐ vm ⱨ□▬ꜟ╩ ⇔

≡™╕∆⁹∕─ Ⱪ꜡♇◒∏≈♦כ♃ⱨ□▬ꜟ╩ ⇔⁸ ⌐ pg_control ⱨ□▬ꜟ⌐

♅▼♇◒ⱳ▬fi♩ ─ ╩ ™≡™╕∆⁹ 

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

lseek(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\ 0\ 210\ 253h\ 262\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0\ 200\ 365?\ 0"..., 8192) = 8192  

open("base/16499/24980", O_RDWR)        = 7 њ ♦כ♃ⱨ□▬ꜟ 

lseek(7, 442368, SEEK_SET)              = 442368  

write(7, " \ 0\ 0\ 0\ 3r \ 262\ 0\ 0\ 1\ 0\ f \ 4\ 200\ 16\ 0 \ 4 - \ 10\ 0: \ 0\ 1\ 0"..., 8192) = 8192  

---  lseek / write ╩ ╡ ⇔ ---  

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

write(10, " \ 0\ 0\ 0\ 0\ 30\ 1\ 0\ 220\ 0\ 270\ 17\ 0 \ 4 \ 0\ 0\ 0\ 00\ 231|\ 3"..., 8192) = 8192  

fsync(7)                                = 0  

fsync(8)                                = 0  

fsync(5)                                = 0  

fsync(10)                               = 0  

lseek(14, 7528448, SEEK_SET)            = 7528448 

write(14, "} \ 320\ 5\ 0\ 1\ 0\ 0\ 0\ 0\ 340r\ 262\ 0\ 0\ 0\ 0&\ 0\ 0\ \ 0\ 0\ 0) \ 0"..., 8192) = 

8192 

fdatasync(14)                           = 0  

open("global/pg_control", O_RDWR)       = 11  

write(11, 02x \ 322cuS\ 251\ 3\ 0\ 0\ 2672\ 1\ f \ 6\ 0\ 0\ 311\ 237S\ 0\ 0\ 0\ 0"..., 240) = 240 

fsync(11)                               = 0  

close(11)                               = 0  
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3.3.8 ⱪ꜡☿☻─ writer ⌐╟╢ ⅝ ╖  

 checkpointer ⱪ꜡☿☻⅜ ™ ≢ ⅝ ╖╩ ∫≡™╢─⌐ ⇔⁸writer ⱪ꜡☿

☻│ ↕╣√Ɑכ☺ □Ᵽ♇ⱨה▫♥כ♄ ╩ ™ ≢ ∏≈ ⅝ ╪≢™╕∆⁹

writer ⱪ꜡☿☻─ ⅝ ╖⌐╟╡⁸♅▼♇◒ⱳ▬fi♩⌐⅔↑╢ I/O ─Ⱨכ◒╩ ∆╢↓

≤⅜≢⅝╕∆⁹writer ⱪ꜡☿☻─ ⅝ ╖ │Ɽꜝⱷכ♃כbgwriter_delay ♦ⱨ◊ꜟ♩

200ms ≢ ╘╠╣≡™╕∆⁹ ∟ │ Linux / UNIX ⱪꜝ♇♩ⱨ◊כⱶ≢│ select 

(2) ◦☻♥ⱶ◖⁸ꜟכWindows ≢│Windows API WaitForMultipleObjects ≢ ⇔

╕∆ WaitLatch  backend/port/win32_latch.c  ╕√│ backend/port/pg_latch.c ⁹ 

 ⅝ ╖Ⱪ꜡♇◒ ─ │⁸Ɽꜝⱷכ♃כbgwriter_lru_maxpages ≢ ╕╡╕∆⁹

♦ⱨ◊ꜟ♩ │ 100 ≢∆⁹ ─ ⅝ ╖Ⱪ꜡♇◒ │ ↕╣√Ⱪ꜡♇◒ ⌐⁸Ɽ

ꜝⱷכ♃כbgwriter_lru_multiplier ─ ╩ ↑≡ ↕╣╕∆⁹∕─ ≢╙Ɽꜝⱷכ♃

כ bgwriter_lru_maxpages ╩ ⅎ ╢ ↓ ≤ │ № ╡ ╕ ∑ ╪ ⁹ Ɽ ꜝ ⱷ כ ♃ כ

bgwriter_lru_maxpages ≤ ≤↕╣√ Ɑכ☺ ⌐╟╢ ↕╣╢ Ɑכ☺

⅜⁸ ⌂Ɑכ☺ ╟╡╙ ⅝™ ⌐─╖ ─ ⅝ ╖⅜ ╦╣╕∆⁹ 

 

 36 writer ⱪ꜡☿☻⌐ ∆╢Ɽꜝⱷכ♃כ 

Ɽꜝⱷכ♃כ  ♦ⱨ◊ꜟ♩  

bgwriter_delay  writer ⱪ꜡☿☻─ ⅝ ╖  200ms 

bgwriter_lru_maxpages  ⅝ ╖ Ɑכ☺ ⁸0⌐∆╢≤ ⅝ ╖

│ ╦╣⌂™ 

100 

bgwriter_lru_multiplier  Ɑכ☺⌐ ↑╢  2.0 

 

3.3.9 ⱪ꜡☿☻─ archiver  

 archiver ⱪ꜡☿☻│ ⅝ ╖⅜ ⇔√ WAL ⱨ□▬ꜟ─▪כ◌▬Ⱪ ╩ ℮ⱪ꜡☿☻≢

∆⁹ ─♃▬Ⱶfi◓≢▪כ◌▬Ⱪ ╩⅔↓⌂™╕∆⁹ 

¶ 60 ≢ ⌐  

¶ SIGUSR1 ◦◓♫ꜟ╩ ⇔√↓≤╩ ⌐  

⌐│ ─ ╩⅔↓⌂™╕∆⁹ 

¶ {PGDATA}/pg_xlog/archive_status ♦▫꜠◒♩ꜞ╩  

¶ {WALFILE}.ready ⱨ□▬ꜟ╩  

¶ Ɽꜝⱷכ♃כarchive_command ≢ ↕╣√◖ⱴfi♪╩⁸system ╩ ∫≡

 

╩☻♃כ♥☻ ¶  

¶ {PGDATA}/ pg_xlog/archive_status /{WALFILE}.ready ⱨ □ ▬ ꜟ ╩

{PGDATA}/ pg_xlog/archive_status /{WALFILE}.done ⌐  



 

90 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

 62 archiver ⱪ꜡☿☻⅜ ∆╢ ⌂◦☻♥ⱶ◖כꜟ 

 

 

 

 

 

 

 

 

 

 

 

Ɽꜝⱷכ♃כarchive_command ─ Ɽꜝⱷכ♃כ╩ ∆╢√╘⌐│⁸Ɽꜝⱷכ♃כ

log_min_messages⌐ DEBUG3 ╩ ⇔╕∆⁹ ─꜡◓⅜ ↕╣╕∆⁹ 

 

 63 archive_command ꜡◓ 

 

 

 

Ⱪ▬◌כ▪  ─ WAL ⅜ ⇔√ ≢꜡◓╩ ∆╢√╘⌐│⁸Ɽꜝⱷכ♃כ

log_min_messages⌐ DEBUG1 ╩ ⇔╕∆⁹ ─꜡◓⅜ ↕╣╕∆⁹ 

 

Ⱪ▬◌כ▪ 64  WAL ─꜡◓ 

 

 

  

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

rt_sigreturn(0x4)                       = - 1 EINTR (Interrupted system call)  

open("pg_xlog/archive_status", O_RDONLY|O_NONBLOCK|O_DIRECTORY|O_CLOEXEC) = 5 

clone(child_stack=0,  flags=CLONE_PARENT_SETTID|SIGCHLD, 

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\ 0\ 0@\ 0\ 0\ 0\ 00000000001000000000000003"..., 64, 0, NULL, 0) = 64  

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

/arch/000000010000000000000071" 

DEBUG:  archived transaction log file "0 00000010000000000000071" 
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3.4○fiꜝ▬fiהⱣ♇◒▪♇ⱪ 

3.4.1 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─  

  ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ│▬fi☻♃fi☻ ≢Ᵽ♇◒▪♇ⱪ╩ ∆╢ ≢∆⁹

▬fi☻♃fi☻⌐ ⇔≡ pg_start_backup ╩ כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁸⇔ ─

ⱨ□▬ꜟ╩Ᵽ♇◒▪♇ⱪ⇔╕∆⁹Ᵽ♇◒▪♇ⱪ⅜ ⇔√╠ pg_stop_backup ╩

⇔╕∆⁹↓╣╠─ │ pg_basebackup ◖ⱴfi♪≢ ⌐ ℮↓≤⅜≢⅝╕∆⁹○fiꜝ

▬fiהⱣ♇◒▪♇ⱪ│♦כ♃ⱬכ♃☻ꜝ◒ה☻כ ⅔╟┘ ꜟⱩכ♥ ─Ᵽ♇◒

▪♇ⱪ╩ ∆╢ ☻כⱬ♃כ♦⁹∆╕╡№⅜ ─Ᵽ♇◒▪♇ⱪ│ pg_dump ◖ⱴfi♪

─ Ᵽ♇◒▪♇ⱪ╩ ∆╢ ⅜№╡╕∆⁹ 

 

ẽ pg_start_backup  

 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─ ╩ ⇔╕∆⁹↓─ ⅜ ↕╣╢≤⁸Ᵽ♇◒▪♇ⱪ

─ WAL ○ ⱨ ☿ ♇ ♩ ⅜ ↕ ╣ ╕ ∆ ⁹ ╕ √ ꜝ ⱬ ꜟ ה ⱨ □ ▬ ꜟ

₈{PGDATA }/backup_label₉⅜ ↕╣╕∆⁹ꜝ ⱬꜟהⱨ□▬ꜟ⌐│⁸Ᵽ♇◒▪♇ⱪ─

╛WAL ─ ⅜ ↕╣╕∆⁹ 

 

 65 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─  

 

 

 

 

 

 

 

 66 pg_start_backup ─ backup_label ⱨ□▬ꜟ 

 

 

 

 

 

 

 

 

 

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

pg_start_backup 

-----------------  

 0/59000028 

(1 row)  

postgres=# 

$ 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: 2017- 02- 11 12:47:42 JST  

LABEL: 2017- 02- 11 12:47:42 .2466+09 
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ẽ pg_stop_backup  

 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─ ╩ ⇔╕∆⁹↓─ ⅜ ↕╣╢≤⁸Ᵽ♇◒▪♇ⱪ

─ WAL ○ⱨ☿♇♩ ⅜ ↕╣╕∆⁹╕√ pg_start_backup ⌐ ↕

╣√ꜝⱬꜟהⱨ□▬ ₈ꜟ{PGDATA }/backup_label₉│ ◒꜠▫♦◓꜡הⱩ▬◌כ▪⁸╣↕

♩ꜞ⌐ ─ꜝⱬꜟהⱨ□▬ꜟ⅜ ↕╣╕∆⁹ 

 

 67 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─  

 

 

 

 

 

 

 

  Ɽꜝⱷכ♃כarchive_mode=off ─ ≢○fiꜝ▬fiהⱣ♇◒▪♇ⱪ╩ ∆╢≤⁸

pg_stop_backup ⌐ ─ ⅜ ↕╣╕∆⁹ 

 

 68 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─ archive_mode=off  

 

 

 

 

 

 

 

 

 

ẽ Non-Exclusive  ♪כ⸗

PostgreSQL 9.6 ≢│ Non-Exclusive ⅜Ᵽ♇◒▪♇ⱪהfiꜝ▬fi○╢╟⌐♪כ⸗ ⌐⌂

╡╕⇔√⁹pg_start_backup ─ exclusive Ɽꜝⱷכ♃כ⌐ false ╩ ∆╢↓≤≢

≢⅝╕∆⁹↓─Ɽꜝⱷכ♃כ─♦ⱨ◊ꜟ♩ │ true ≢⁸ Ᵽכ☺ꜛfi≤─ ⅜ ↕

╣≡™╕∆⁹pg_start_backup ╩≤ pg_stop_backup │⁸ ─♪כ⸗∂ ╩ ℮

⅜№╡╕∆⁹Non-Exclusive ≢♪כ⸗ pg_stop_backup ╩ ∆╢≤⁸Exclusive

│≥♪כ⸗ ⅜ ⌂╡╕∆⁹ 

 

 

postgres=# SELECT pg_stop_backup() ; 

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

 pg_stop_backup 

----------------  

 0/5B0000B8 

(1 row)  

postgres=# SELECT pg_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)  
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 69 Non-Exclusive  Ᵽ♇◒▪♇ⱪהfiꜝ▬fi○╢╟⌐♪כ⸗

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.2 Ᵽ♇◒▪♇ⱪהꜝⱬꜟהⱨ□▬ꜟ 

 Ᵽ♇◒▪♇ⱪהꜝⱬꜟהⱨ□▬ꜟ│⁸○fiꜝ▬fiהⱣ♇◒▪♇ⱪ─ ⅜ ↕╣╢♥◐

☻♩ⱨ□▬ꜟ≢∆⁹pg_start_backup ╩ ∆╢≤⁸₈{PGDATA }/backup_label₉ⱨ□

▬ꜟ≤⇔≡ ↕╣╕∆⁹pg_stop_backup ╩ ∆╢≤⁸backup_label ⱨ□▬ꜟ│

╩ ╖ ╖⇔√ ≥◓꜡Ⱪ▬◌כ▪⁸╣↕ ∂♦▫꜠◒♩ꜞ⌐ ─ⱨ◊כⱴ♇

♩─ ≢ ↕╣╕∆⁹ 

 

 2Ᵽ♇◒▪♇ⱪהꜝⱬꜟהⱨ□▬ꜟ ─ⱨ◊כⱴ♇♩ 

 {WALFILE}.{WALOFFSET}.backup 

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

 pg_start_backup 

-----------------  

 0/8000028 

(1 row)  

 

postgres=# SELECT pg_stop_backup() ; 

ERROR:  non- exclusive backup in progress  

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

postgres=# 

postgres=# SELECT pg_stop_backup(false ) ;  

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: 2017- 02- 11 12:50:16 JST                                      +  

 LABEL: 2017- 02- 11 12:50:15.900273+09                                     +  

 ","16384 /home/postgres/ts1                                              +  

 ")  

(1 row)  
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 ▬fi☻♃fi☻ ⌐ backup_label ⱨ□▬ꜟ⅜ ∫≡™╢ ⁸ ∂♦▫꜠◒♩ꜞ⌐

backup_label.old ⱨ□▬ꜟ⌐ ⅜ ↕╣╕∆⁹↓─ │⁸pg_ctl stop ñm immediate

◖ⱴfi♪╩ ⇔√ ≢╙ ↕╣╕∆⁹ 

 ▬fi☻♃fi☻ ⌐ backup_label ⱨ□▬ꜟ⅜ ∫≡™╢ ╙⁸ⱨ□▬ꜟ ⅜

backup_label.o ld ⌐ⱨ□▬ꜟ ⅜ ↕╣≡⅛╠▬fi☻♃fi☻⅜ ↕╣╕∆⁹꜡◓⌐│

╙ ↕╣╕∑╪⁹ 

 ꜝⱬꜟהⱨ□▬ꜟ│♥◐☻♩ ─ⱨ□▬ꜟ≢⁸○fiꜝ▬fiהⱣ♇◒▪♇ⱪ⌐ ∆╢

⅜ ↕╣≡™╕∆⁹ 

 

 37 Ᵽ♇◒▪♇ⱪהꜝⱬꜟהⱨ□▬ꜟ─  

    

1 START WAL LOCATION : Ᵽ♇◒▪♇ⱪ ─WAL   

2 STOP WAL LOCATION:  Ᵽ♇◒▪♇ⱪ ─WAL   

3 CHECKPOINT LOCATION:  ♅▼♇◒ⱳ▬fi♩   

4 BACKUP METHOD:  Ᵽ♇◒▪♇ⱪ   

5 BACKUP FROM:  Ᵽ♇◒▪♇ⱪ   

6 START TIME:    

7 LABEL:  Ᵽ♇◒▪♇ⱪהꜝⱬꜟ pg_start_backup

≢  

8 STOP TIME:   pg_stop_backup

⌐╟╡  

 

─ STOP TIME │ pg_stop_backup ╩ ⇔√ ⌐ ╡ ↕╣╕∆⁹ 
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 70 ꜝⱬꜟהⱨ□▬ꜟ 

 

 

 

 

 

 

 

 

 

3.4.3 ꜠ⱪꜞ◔כ◦ꜛfi≤○fiꜝ▬fiהⱣ♇◒▪♇ⱪ 

 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ ╩ ≢⅝╢─│ⱴ☻♃הכ▬fi☻♃fi☻─╖≢∆⁹☻꜠

≢☻fi☻♃fi▬הⱩכ ∆╢≤₈ERROR: recovery is in progress ⅜כꜝ◄₉ ⇔╕∆⁹ 

 

Ᵽ♇◒▪♇ⱪהfi☻♃fi☻≢○fiꜝ▬fi▬הⱩכ꜠☻ 71   

 

 

 

 

 

 ⱴ☻♃הכ▬fi☻♃fi☻≢○fiꜝ▬fiהⱣ♇◒▪♇ⱪ ☻fi☻♃fi▬הⱩכ꜠☻⌐

≢ pg_is_in_backup ╩ ∆╢≤ f ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ ≢│⌂™ ⅜ ╡

╕∆⁹ 

 

 ◒♇▼♅─Ᵽ♇◒▪♇ⱪהfi☻♃fi☻≢○fiꜝ▬fi▬הⱩכ꜠☻ 72 

 

 

 

 

 

 

  

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: 2017- 02- 11 12:50:16 JST  

LABEL: 2017- 02- 11 12:50:15.900273+09 

STOP TIME: 2017- 02- 11 12:50:36 JST  

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

ERROR:  recovery is in progress  

HINT:  WAL control functions cannot be executed during recovery.  

postgres=# 

postgres=# SELECT pg_is_in_backup()  ;  

 pg_is_in_backup 

-----------------  

 f  

(1 row)  
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3.4.4 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ≤▬fi☻♃fi☻  

 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ │smart ╩♪כ⸗ ⇔√▬fi☻♃fi☻ │ ⇔╕∆⁹

⌐ ⇔√ ≢╙▬fi☻♃fi☻│◦ꜗ♇♩♄►fi ╘√╢⌂⌐☻♃כ♥☻─ ꜚ

│כ◙כ ≢⅝╕∑╪⁹○fiꜝ▬fiהⱣ♇◒▪♇ⱪ ⌐▬fi☻♃fi☻╩ ⌐ ∆╢

⌐│ fast ╩♪כ⸗ ⇔╕∆⁹ 

 

 73 ○fiꜝ▬fiהⱣ♇◒▪♇ⱪ ─▬fi☻♃fi☻  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

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

 pg_start_backup 

-----------------  

 0/A5000028 

(1 row)  

postgres=# \ q 

$ 

$ pg_ctl - D data stop Έm smart 

WARNING: online backup mode is active  

Shutdown will not complete until pg_stop_backup() is called.  

 

waiting for server to shut 

down............................................................... 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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3.5ⱨ□▬ꜟ─ⱨ◊כⱴ♇♩ 

3.5.1 postmaster.pid  

 postmaster.pid ⱨ□▬ꜟ│♦כ♃ⱬכ♃☻ꜝ◒ה☻כ ⌐ ↕╣╢♥◐☻♩ⱨ□▬ꜟ

≢∆⁹▬fi☻♃fi☻ ⌐ ↕╣⁸▬fi☻♃fi☻ ⌐│ ↕╣╕∆⁹ⱴ♬ꜙ

▪ꜟ⌐│₈ⱨ□▬ꜟ─ ⌐╟╡▬fi☻♃fi☻─ ╩ ∆╢₉≤ ⅛╣≡™╕∆⅜⁸

⌐│ⱨ□▬ꜟ─ ─ⱪ꜡☿☻ ID ╩ ⇔≡™╕∆⁹postmaster.pid ⌐ ⅝ ╕╣╢

─ ♪כ◖☻כ♁│ src/include/miscadmin.h ⌐₈LOCK_FILE_LINE_* ₉ⱴ◒

꜡≤⇔≡ ⅜ ↕╣≡™╕∆⁹ 

 

 38 postmaster.pid ⱨ□▬ꜟ─  

   

1 postmaster ⱪ꜡☿☻ ID  10  

  ☻Ɽ─כ♃☻ꜝ◒ה☻כⱬ♃כ♦ 2

3 ▬fi☻♃fi☻   

4 I pv4 ∟ⱳכ♩   

ꜟ◌כ꜡ 5 ♁◔♇♩ ♦▫꜠◒♩ꜞ  

6 I pv4 ∟▪♪꜠☻  

7 System V ⱷ⸗ꜞ⁸כ◐─כID  10  

 

ⱨ□▬ꜟ─ ⌐ ⅛╣√ ╩ ID ⌐ ≈ⱪ꜡☿☻⅜ ⇔⌂™ ⁸pg_ctl status

◖ⱴfi♪╛ pg_ctl stop ◖ⱴfi♪│ ⇔╕∑╪⁹ 

 

 74 postmaster.pid ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

$ cat data/postmaster.pid  

15141 

/home/postgres/data  

1475205932 

5432 

/tmp 

*  

  5432001    196608 $  
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ẽ Ɽꜝⱷכ♃כexternal_pid_file  

 Ɽꜝⱷכ♃כexternal_pid_file ⌐ⱨ□▬ꜟ ╕√│♦▫꜠◒♩ꜞ ╩ ╗Ɽ☻ ╩

∆╢≤⁸postmaster.pid ⱨ□▬ꜟ⌐ ⅎ≡ postmaster ⱪ꜡☿☻─ ID ╩ ⅝ ╗ⱨ□▬ꜟ

⅜ ↕╣╕∆⁹√∞⇔⁸external_pid_file ≢ ↕╣√ⱨ□▬ꜟ⌐ ↕╣╢ │

postmaster ─ⱪ꜡☿☻ ID ∞↑≢∆⁹╕√ pg_ctl ◖ⱴfi♪│ external_pid_file ╩ ⇔╕

∑╪⁹ postmaster.pid ⱨ□▬ꜟ⅜ ♪כ⸗ -rw -------≢ ↕╣╢─⌐ ⇔⁸

external _pid_file ≢ ↕╣√ⱨ□▬ꜟ│⁸ rw-♪כ⸗ -rñrñ≢ ↕╣╢√╘⁸

PostgreSQL ⅜כ◙כꜚ─ ∆╢↓≤⅜≢⅝╕∆⁹ 

  ▬fi☻♃fi☻ ⌐Ɽꜝⱷכ♃כexternal_pid_file ⌐ ↕╣√ⱨ□▬ꜟ⅜ ≢⅝

⌂™ ≢╙ │ ⌐ ╦╣╕∆⁹ 

 

3.5.2 postmaster.opts  

 postmaster.opts ⱨ□▬ꜟ│ postmaster ⱪ꜡☿☻ ─Ɽꜝⱷכ♃כ╩ ∆╢ⱨ□

▬ꜟ≢⁸▬fi☻♃fi☻ ⌐ ↕╣╕∆⁹▬fi☻♃fi☻ ⌐╙ ↕╣╕∑╪⁹▬

fi☻♃fi☻ ⌐↓─ⱨ□▬ꜟ⌐ ⅝ ╖ ⅜ ™ ⁸▬fi☻♃fi☻ כꜝ◄│

⌐⌂╡╕∆⁹pg_ctl start ◖ⱴfi♪≢ ↕╣√Ɽꜝⱷכ♃כ⅜∕─╕╕ ↕╣╕∆⁹ 

 

 75 postmaster.opts ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

3.5.3 PG_VERSION 

  PG_VERSION ⱨ□▬ꜟ│⁸♦כ♃ⱬכ♥┘╟⅔כ♃☻ꜝ◒ה☻כⱩꜟ ♦▫꜠◒♩

ꜞ ☻כⱬ♃כ♦─ oid ♦▫꜠◒♩ꜞ ⌐ ⌐ ↕╣╢♥◐☻♩ⱨ□▬ꜟ≢∆⁹

⌐│ⱷ☺ꜗכⱣכ☺ꜛfi⅜ ↕╣≡™╕∆⁹ ⌂♥◐☻♩ⱨ□▬ꜟ≢∆⅜⁸♦כ♃

ⱬכ♃☻ꜝ◒ה☻כ ─ⱨ□▬ꜟ⅜ ╦╣╢≤▬fi☻♃fi☻⅜ ☻כⱬ♃כ♦⁸∏⅝≢

oid ♦▫꜠◒♩ꜞ ─ⱨ□▬ꜟ⅜ ╦╣╢≤ ⌐☻כⱬ♃כ♦ ≢⅝⌂ↄ⌂╡╕∆⁹ 

 

 

$ pg_ctl start ΈD data 

$ cat data/postmaster.opts  

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

$ pg_ctl stop  

$ pg_ctl start  

$ cat data/postmaster.opts  

/ usr/local/pgsql /bin/postgres  

$ 
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 76 PG_VERSION ⱨ□▬ꜟ─  

 

 

 

 

 

3.5.4 pg_control  

  pg_control ⱨ□▬ꜟ│{PGDATA}/global ♦▫꜠◒♩ꜞ⌐ ↕╣╢ ↕⌂Ᵽ▬♫ꜞהⱨ

□ ▬ ꜟ ≢ ∆ ⁹ ◘ ▬ ☼ │ 8 KB ≢ ∆ src/include/catalog/pg_control.h ⌐

PG_CONTROL_SIZE ≢ ⁹ ⌐ ⅝ │♃כ♦╢╣╕ ControlFileData ≢

↕╣≡™╕∆ src/include/catalog/pg_control.h ⁹ 

 

ẽ pg_control ⱨ□▬ꜟ─  

 pg_control ⱨ□▬ꜟ─ ⌂ │ pg_controldata ◖ⱴfi♪╕√│ ─ ≢ ∆╢

↓≤⅜≢⅝╕∆⁹  

 

  

$ cd /usr/local/pgsql / data 

$ cat PG_VERSION 

9.6 

$ 
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 77 pg_controldata ◖ⱴfi♪─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Ᵽכ☺ꜛfi ─☻כⱬ♃כ♦╛ ID ─╟℮⌂ ⁸ ⁸▬fi☻♃fi☻

─ ⁸♅▼♇◒ⱳ▬fi♩─ ⁸◖fiⱤ▬ꜟ ─ ⅜ ↕╣╕∆⁹pg_controldata

$ 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 TimeLineID:       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  

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 a large - 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  
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◖ⱴfi♪─ ⅛╠ ╢≤⅔╡⁸pg_control │♅▼♇◒ⱳ▬fi♩ ⅔╟┘▬fi☻♃fi

☻♃כ♥☻─☻ ⌐ ⅜ ↕╣╕∆⁹ 

 pg_control ⱨ□▬ꜟ─ │ ─ ╩ ℮↓≤≢╙ ≢⅝╕∆⁹↓╣╠─ │

PostgreSQL 9.6 ≢ ↕╣╕⇔√⁹ 

 

 39 pg_control  

  

pg_control_checkpoint  ♅▼♇◒ⱳ▬fi♩─  

pg_control_init  ◖fiⱤ▬ꜟ ⌐ ↕╣√ ─  

pg_control_recovery  Ᵽ♇◒▪♇ⱪ ꜞ◌Ᵽꜞכ  

pg_control_system  Ᵽכ☺ꜛfi ⁸◦☻♥ⱶ ID  

 

 78 pg_control_system ─  

 

 

 

 

 

 

 

 

 

 

ẽ Database cluster state  

pg_controldata ◖ⱴfi♪ ─ Database cluster state ⌐│ ─ pg_control ⱨ

□▬ꜟ⅜ ─כ♃☻ꜝ◒ה☻כⱬ♃כ♦╢™≡⇔ ⅜ ↕╣╕∆⁹ 

 

  

postgres=> \ x 

Expanded display is on.  

postgres=> SELECT * FROM pg_control_system() ; 

- [ RECORD 1 ] ------------ +-----------------------  

pg_control_version       | 960  

catalog_version_no       | 201608131  

system_identifier        | 6335932445819631823  

pg_control_last_modified | 2017 - 02- 11 13:00:16+09 
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 40 Database cluster state  

    

0 starting up  ▬fi☻♃fi☻│   

1 shut down  ▬fi☻♃fi☻│   

2 shut down in recovery  ꜞ◌Ᵽꜞכ ─   

3 shutting down    

4 in crash recovery ꜞⱣ◌ꜞהꜙ◦♇ꜝ◒    

5 in archive recovery  ꜠ⱪꜞ◔כ◦ꜛfi   

6 in production    

- unrecognized status code ☻♃כ♥☻   pg_control  

 

ẽ Database system identifier  

Database system identifier ⌐│⁸ ╩כ♃☻ꜝ◒ה☻כⱬ♃כ♦ ⌐ ∆╢

ID ⅜ ↕╣╕∆ ⌂⇔ 64ⱦ♇♩ ⁹↓─ ♃☻ꜝ◒ה☻כⱬ♃כ♦│

כ ⌐ ↕╣⁸ fiꜛ◦כ◔ꜞⱪ꜠ה◓Ⱶfiכꜞ♩☻⁹╪∑╕╡№│≥↓╢╣↕

│⁸↓─ ID ⅜ כ♃☻ꜝ◒ה☻כⱬ♃כ♦╢№≢ ≢ ╦╣╕∆⁹╕√⁸WAL ⱨ□▬

ꜟ─ ─Ⱪ꜡♇◒ ⌐╙↓─ ⅜ ↕╣╕∆ XlogLongPageHeaderData

⁹↓╣⌐╟╡ WAL─☻כⱬ♃כ♦╢⌂ ⱨ□▬ꜟ╩ ∫≡ꜞ◌Ᵽꜞכ⌐ ∆╢↓≤

╩ ←↓≤⅜≢⅝╕∆⁹ 

Database system iden ti fier │ ╡╟⌐♪כ◖─ ⌂ ╩ ⇔≡™╕∆

BootStrapXLOG ⁹ 

 

 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() & 0xFFF;  



 

103 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

 80 WAL ⱨ□▬ꜟ─ src/include/access/xlog_internal.h  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5.5 pg_filenode.map  

pg_filenode.map ⱨ□▬ꜟ│{PGDATA}/global ☻כⱬ♃כ♦⁸┘╟⅔ꜞ♩◒꜠▫♦ ♦

▫꜠◒♩ꜞ⌐ ↕╣╢ ↕⌂Ᵽ▬♫ꜞהⱨ□▬ꜟ≢∆⁹ⱨ□▬ꜟ─◘▬☼│ 512Ᵽ▬♩

≢∆⁹↓─ⱨ□▬ꜟ⌐│⁸ ─◦☻♥ⱶה◌♃꜡◓─ OID ≤⁸ ─ⱨ□▬ꜟ ╩

↕∑╢ ⅜ ↕╣≡™╕∆⁹ ⱨ◊כⱴ♇♩│ RelMapFile ≢ ↕╣≡™

╕∆⁹ 

  

/*  

 * 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  

 * X LOG file.)  The additional fields serve to identify the file accurately.  

 */  

typedef struct XLogLongPageHeaderData 

{  

        XLogPageHeaderData std;       /* standard header fields */  

        uint64          xlp_sysid ;    /* system identifier from pg_control */  

        uint32          xlp_seg_size; /* just as a cross - check */  

        uint32          xlp_xlog_blcksz;  /* just as a cross - check */  

} XLogLongPageHeaderData; 
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 81 ⱨ◊כⱴ♇♩ src/backend/utils/cache/relmapper.c  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ Ᵽ▬♩ magic │ 0x592717 5842711 ≢∆⁹ ─ Ᵽ▬♩⌐ⱴ♇Ⱨ

fi◓─ ⅜ ↕╣╕∆⁹ ─ │ ꜞ♩◒꜠▫♦ה☻כⱬ♃כ♦─ ─ⱨ□▬

ꜟ─ ≢∆⁹ 

 

 82 pg_filenode.map ⱨ□▬ꜟ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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;  

$ od - t u4 pg_filenode.map  

0000000    5842711         15       1259       1259  њ 15─◄fi♩ꜞכ 

0000020       1249       1249       1255       1255  њ OID≤ⱨ□▬ꜟ ☿♇♩ 

0000040       1247       1247       2836       2836  

0000060       2837       2837       2658       2658  

0000100       2659       2659       2662       2662  

0000120       2663       2663       3455       3455  

0000140       2690       2690       2691       2691  

0000160       2703       2703       2704       2704  

0000200          0          0          0          0  

*  

0000760          0          0  983931237          0 њ CRC≤Ɽ♦▫fi◓ 

0001000 
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 ${PGDATA}/global ♦▫꜠◒♩ꜞ⌐№╢ pg_filenode.map ⌐│ ⅜ꜟⱩכ♥─ ╕╣

╕∆⁹ 

¶ 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 Ⱪꜟ⁸TOASTכ♥ ▬fi♦♇◒☻╩ ╗  

¶ 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 Ⱪꜟ⁸TOASTכ♥ ▬fi♦♇◒☻╩ ╗  

¶ pg_db_role_setting_databaseid_rol_index  

¶ pg_shseclabel TOAST Ⱪꜟ⁸TOASTכ♥ ▬fi♦♇◒☻╩ ╗  

¶ pg_shseclabel_object_index 

¶ pg_replication_origin  

¶ pg_replication_origin_roiident_index  

¶ pg_replication_or igin_roname_index  

 

╢№⌐ꜞ♩◒꜠▫♦ה☻כⱬ♃כ♦  pg_filenode.map ⌐│ ⅜ꜟⱩכ♥─ ╕╣╕

∆⁹ 

¶ pg_class 

¶ pg_attribute  

¶ pg_proc TOAST Ⱪꜟ⁸TOASTכ♥ ▬fi♦♇◒☻╩ ╗  

¶ pg_type 

¶ pg_attribute_relid_attnam_index  
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¶ pg_attribute_relid_attnum_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  

¶ pg_type_typname_nsp_index  
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3.6Ⱪ꜡♇◒─ⱨ◊כⱴ♇♩ 

3.6.1 Ⱪ꜡♇◒≤Ɑכ☺ 

 PostgreSQL ⌐⅔↑╢ I/O │Ⱪ꜡♇◒ ≢ ╦╣╕∆⁹Ⱪ꜡♇◒─◘▬☼│ ≢ 8 

KB ≢∆⁹↓─ ╩ ∆╢√╘⌐│₈src/include/pg_config.h₉ ─₈#define BLOCKS Z 

8192₉╩ ⇔≡ ◖fiⱤ▬ꜟ⅜ ≢∆⁹Ⱪ꜡♇◒ ⌐│Ɑכ☺⅜ ↕╣≡™╕∆⅜⁸

─ PostgreSQL ≢│ Ⱪ꜡♇◒⌐ Ɑ⁸╘√╢⌂⌐☺כⱩ꜡♇◒≤Ɑכ☺╩ ─⅔

╙─≤ ℮↓≤⅜≢⅝╕∆⁹Ⱪ꜡♇◒ Ɑכ☺ │ ⱨ□▬ꜟ ⌐ 131,072 ∆╢↓≤

☼▬◘─↓⅜ꜟ▬□ⱨ♃כ♦⁹∆╕⅝≢⅜ 8 KB × 131,072 = 1 GB ╩ ⅎ╢≤ ⇔™

ⱨ□▬ꜟ⅜ ↕╣╕∆⁹↓─ │ pg_config.h ⱨ□▬ꜟ─ RELSEG_SIZE ⱴ◒꜡≢

↕╣≡™╕∆⁹ 

 Ɑכ☺⌐│Ɑכ☺Ⱬ♇♄≤Ɑכ☺ ─ ♃ⱪꜟ┼─ⱳ▬fi♃כ⅜ ↕╣╕∆⁹▪▬

♥ⱶⱳ▬fi♃│⁸Ɑכ☺ ─♃ⱪꜟ─ ╩ ⇔╕∆⁹♃ⱪꜟ│Ɑכ☺─ ⅛╠Ɑכ☺─

⌐ ↑≡ ↕╣╕∆⁹ ≢▪▬♥ⱶⱳ▬fi♃│Ɑכ☺Ⱬ♇♄─ ⅛╠Ɑכ☺─

⌐ ↑≡ ↕╣╕∆⁹ 

 

 9 Ɑכ☺─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Ɑכ☺Ⱬ♇♄│⁸₈src/include/storage/bufpage.h ₉ ─ PageHeaderData ≢

↕╣≡™╕∆⁹ 

 

 

Ɑכ☺ 

 Ɑכ☺Ⱬ♇♄ 

▪▬♥ⱶⱳ▬fi♃ 0 

♃ⱪꜟ#0 

▪▬♥ⱶⱳ▬fi♃ 1 

♃ⱪꜟ#1 
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 83 PageHeaderData  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 41 PageHeaderData  

   

pd_lsn Log Sequence Number   

pd_checksum ♅▼♇◒◘ⱶ 9.3≢  

pd_flags ⱨꜝ◓  

pd_lower  Ɑכ☺ ─ ⅝ ─   

pd_upper  Ɑכ☺ ─ ⅝ ─   

pd_special Ɑכ☺ ─☻Ɑ◦ꜗꜟ☻Ɑכ☻─   

pd_pagesize_version Ɑה☺כ◘▬☼≤Ᵽכ☺ꜛfi   

pd_prune_xid  Ɑכ☺ ≢╙∫≤╙ ™⁸ ╡ ╘╠╣≡™⌂

™ XMAX ⁹ ⇔⌂↑╣┌♀꜡⁹ 

 

pd_linp[]  ▪▬♥ⱶⱳ▬fi♃  

 

3.6.2 ♃ⱪꜟ 

 ♃ⱪꜟ ♪כ◖꜠ ─ │⁸₈♃ⱪꜟⱫ♇♄₉₈NULL ⱦ♇♩ⱴ♇ⱪ₉₈♦₉♃כ⅛╠

↕╣≡™╕∆⁹♃ⱪꜟⱫ♇♄│⁸₈src/include/access/htup _details .h₉≢ ↕╣≡™╕

∆⁹♃ⱪꜟⱫ♇♄ ─ t_heap │⁸♩ꜝfi◙◒◦ꜛfi ─ ⅜ ↕╣╕∆⁹NULL

ⱦ♇♩ⱴ♇ⱪ│ t_bits ⱨ▫כꜟ♪⌐ ↕╣╕∆⁹ 

typedef struct PageHeaderData  

{  

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

        PageXLogRecPtr pd_lsn;        /* LSN: next byte after last byte of xlog  

                                       * record for last change to this page */  

        uint16          pd_checksum;    /* checksum */  

        uint16          pd_flags;               /* 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 */  

        uint16          pd_pagesize_version;  

        TransactionId pd_prune_xid; /* oldest prunable XID, or zero if none */  

        ItemIdData    pd_linp[FLEXIBLE_ARRAY_MEMBER]; /* line pointer array */  

} PageHeaderData; 
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 84 HeapTupleHeaderData  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 85 HeapTupleFields  (t_heap) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

struct HeapTupleHeaderData 

{  

        union 

        {  

                HeapTupleFields t_heap;  

                DatumTupleFields t_datum;  

        }                       t_choice;  

        ItemPointerData 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 */  

        uint16         t_infomask;  /* various flag bits, see below */  

        uint8           t_hoff;     /* sizeof header incl. bitmap, padding */  

        /* ^ -  23 bytes -  ^ */  

        bits8           t_bits[FLEXIBLE_ARRAY_MEMBER];  /* bitmap of NULLs */  

        /* MORE DATA FOLLOWS AT END OF STRUCT */ 

};  

typedef struct HeapTupleFields  

{  

        TransactionId t_xmin;    /* inserting xact ID */  

        TransactionId t_xmax;    /* deleting or locking xact ID */  

 

        union 

        {  

              CommandId  t_cid; /* inserting or deleting command ID, or both */  

              TransactionId t_xvac;  /* old - style VACUUM FULL xact ID */  

        }   t_field3;  

} HeapTupleFields;  
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 42 HeapTupleFields  

   

t_xmin  INSERT ↕╣√ XID   

t_xmax  DELETE ↕╣√ XID  0 / ROLLBACK ╙  

t_cid DELETE ↕╣√◖ⱴfi♪ ID   

t_xvac VACUUM ≢ ↕╣√Ᵽכ☺ꜛfi  

 

♃ⱪꜟ─ t_xmin, t_max ⱨ▫⁸│♪ꜟכ XMIN ⁸XMAX ⌐ ⇔╕∆⁹ 
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3.7♩ꜝfi◙◒◦ꜛfi ID─  

3.7.1 ♩ꜝfi◙◒◦ꜛfi ID 

 PostgreSQL ≢│♩ꜝfi◙◒◦ꜛfi╩ ∆╢≤ ⌂♩ꜝfi◙◒◦ꜛfi ID ⅜ ↕╣

╕∆ txid_current ≢ ⁹♩ꜝfi◙◒◦ꜛfi ID ─ ⅝↕│ ⌂⇔ 32ⱦ♇♩≢∆

src/include/c.h ≢ ⅜ꜟⱩꜟ─♃ⱪכ♥⁹ ↕╣╢≤⁸ ♃ⱪꜟⱫ♇♄⌐│ ⇔

√♩ꜝfi◙◒◦ꜛfi ID ⅜ ↕╣╕∆⁹↓─ ⌐╟╡⁸ ─ ╩ ∆╢

↓≤⅜≢⅝╕∆⁹ 

 

ẽ ♩ꜝfi◙◒◦ꜛfi ID ─  

ꜟⱩכ♥  ─♃ⱪꜟ⌐ ∆╢♩ꜝfi◙◒◦ꜛfi ID │ XMAX⁸XMIN ╩ ∆

╢↓≤≢ ≢⅝╕∆⁹XMIN │♃ⱪꜟ⅜ ↕╣√ INSERT ╕√│ UPDATE ⌐╟╢

♩ꜝfi◙◒◦ꜛfi ID ╩ ⇔╕∆⁹XMAX │ ↕╣√♃ⱪꜟ─♩ꜝfi◙◒◦ꜛfi ID ≢

∆⁹↓─√╘ ⌂♃ⱪꜟ─ XMAX │ 0⌐⌂╡╕∆⁹ ─ ≢│ C1=300─ ≢ XMAX

⅜ 0─ ≢∆⅜⁸↓╣│ ♩ꜝfi◙◒◦ꜛfi⅜꜡כꜟⱣ♇◒↕╣√↓≤╩ ⇔╕∆⁹ 

 

 86 ♃ⱪꜟ─♩ꜝfi◙◒◦ꜛfi ID  

 

 

 

 

 

 

 

 

 

 

 

ẽ ♩ꜝfi◙◒◦ꜛfi ID ─  

 ♩ꜝfi◙◒◦ꜛfi ID │ ⌂⇔ 32ⱦ♇♩─ ⅝↕╩ ∫≡⅔╡⁸ ⌐ ⇔╕∆⁹

⇔⅛⇔ ─♩ꜝfi◙◒◦ꜛfi╩ ∆╢◦☻♥ⱶ≢│ 32ⱦ♇♩╩ ™ √∆ ⅜№

╡╕∆⁹↓─√╘♩ꜝfi◙◒◦ꜛfi ID ⅜ ⇔≡╙ ⅜ ⇔⌂™ ╖⅜ ↕╣≡

™╕∆⁹∕╣│ ⌐ ™♩ꜝfi◙◒◦ꜛfi ID ╩ ⌂ FrozenXID=2 ⌐ ∆╢

↓≤≢∆⁹ 

 ↓─ │ FREEZE ≤ ┌╣⁸ │ VACUUM ≢ Ⱪכ♥⁹∆╕╣╦

postgres=> SELECT XMAX, XMIN, c1 FROM data1 ;  

  xmin  |  xmax  | c1  

-------- +-------- +-----  

 507751 |      0 | 100  

 507752 |      0 | 200  

 507754 |      0 | 400  

 507755 |      0 | 500  

 507756 | 507757 | 300  

(5 rows)  
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ꜟ⌐ ⇔≡Ɽꜝⱷכ♃כautovacuum_freeze_max_age ñ vacuum_freeze_min_age ≢

↕╣╢ ─♩ꜝfi◙◒◦ꜛfi⅜ ∆╢≤⁸ VACUUM ⅜ ≢╙ FREEZE ⅜

⇔╕∆⁹ VACUUM │ Ⱪ꜡♇◒╩ Visibility Map ╩ ∫≡ ⇔╕∆⁹

Freeze ⅜ ∆ ╢ ≤ ⁸ Visibility Map ╩ ⇔ ╕ ∆ ⁹ Ɽ ꜝ ⱷ כ ♃ כ

vacuum_freeze_table_age ≢ ↕╣√♩ꜝfi◙◒◦ꜛfi ⅜ ↕╣╢≤⁸Visibility 

Map ⅛╠ Freeze↕╣≡™⌂™Ⱪ꜡♇◒⌐ ⇔≡ ╩ ™╕∆⁹ 

☼כꜞⱩꜟ─ⱨכ♥  ≤⌂╢♩ꜝfi◙◒◦ꜛfi ID │⁸pg_class ◌♃꜡◓─

relfrozenxid ≢ ↕╣≡™╕∆⁹↓─ ꜟⱩכ♥│ ─ XMIN ─ ≢∆

FrozenXID ╩ ↄ ⁹╕√ pg_class◌♃꜡◓─ relfrozenxid ─ ⅜ pg_database◌

♃꜡◓─ datfrozenxid ≢ ≢⅝╕∆⁹ 

 

ẽ VACUUM ⅜ ⇔√  

 ⅛─ ≢ FREEZE ⅜ ╦╣⌂⅛∫√ ⁸♩ꜝfi◙◒◦ꜛfi ID ─ ╕≢

⌐ 1,000 ╩ ╢≤ ─ⱷ♇☿כ☺⅜ ↕╣╕∆⁹ 

 

 87 ♩ꜝfi◙◒◦ꜛfi ─  

WARNING:  database ΓpostgresΔ must be vacuumed within 9999999 transactions  

HINT:  To avoid a database shutdown, execute a database - wide VACUUM in 

ΓpostgresΔ.  

 

⌐ 100 ♩ꜝfi◙◒◦ꜛfi╩ ╢≤⁸ ─꜡◓⅜ ↕╣⁸◦☻♥ⱶ│ ⇔╕∆⁹ 

 

 88 ♩ꜝfi◙◒◦ꜛfi  כꜝ◄─

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

database ΓpostgresΔ 

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

ΓpostgresΔ.  

 

 ↓─╟℮⌂ ⌐ ≢♪כ⸗הfi♪▪꜡fi♃☻│☻כⱬ♃כ♦√∫ ⇔⁸VACUUM

╩ ™╕∆⁹ ─ ≢│ postgres♦כ♃ⱬכ☻⌐ ⇔≡ VACUUM ╩ ⇔≡™

╕∆⁹ 
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 89 ☻♃fi♪▪꜡fiכ⸗ה♪⌐╟╢ ≤ VACUUM  

 

 

 

 

 

 

3.7.2 FREEZE ⌐ ∆╢Ɽꜝⱷכ♃כ 

 ♩ꜝfi◙◒◦ꜛfi ID ─ FREEZE ⌐ ∆╢Ɽꜝⱷכ♃כ│ ─ ╡≢∆⁹ 

 

ẽ autovacuum_freeze_max_age 

  ♩ꜝfi◙◒◦ꜛfi ID ─ ╩ ←√╘⌐ pg_class.relfrozenxid ⅜ ≢⅝╢ ─

age ╩ ⇔╕∆⁹ VACUUM ⅜ ─ ≢╙⁸VACUUM ꞉הכ◌כⱪ꜡☿

☻⅜ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │ 2 200,000,000 ≢∆⁹ │ 1 100,000,000 ⁸

│ 20 2,000,000,000 ≢∆⁹  

 

ẽ vacuum_fr eeze_min_age 

  VACUUM Ⱪꜟ☻◐ꜗfiכ♥⅜ ⌐♩ꜝfi◙◒◦ꜛfi ID ╩ FrozenXID ⌐ ⅝ ⅎ╢◌

♇♩○ⱨ ╩ ⇔╕∆⁹♦ⱨ◊ꜟ♩ │ 5,000 50,000,000 ≢∆⁹ │ 0 ⅛╠

autovacuum_freeze_max_age ─ 50%╕≢─ ╩ ≢⅝╕∆⁹ 

 

ẽ vacuum_freeze_table_age    

─ꜟⱩכ♥  pg_class.relfrozenxid ⅜↓─ ≢ ⇔√ ⌐ ∆╢≤⁸VACUUM │

╟╡ ─ꜟⱩכ♥⌐ ╩ ™⁸FREEZE ╩ ™╕∆⁹♦ⱨ◊ꜟ♩ │ 1.5

150,000,000 ≢ ∆ ⁹ │ 0 ⅛ ╠ 10 1,000,000,000 ╕ √ │

autovacuum_freeze_max_age ─ 95%╕≢─ ╩ ≢⅝╕∆⁹ 

 

PostgreSQL 9.3.3 ⌐│ ─Ɽꜝⱷכ♃כ⅜ ↕╣╕⇔√⁹ⱴꜟ♅♩ꜝfi◙◒◦ꜛ

fi ID MultiXactId ≤ⱨꜞכ☼⌐ ∆╢Ɽꜝⱷכ♃כ≢∆⅜ │ ≢∆⁹ 

¶ autovacuum_multixact_freeze_max_age  

¶ vacuum_multixact_freeze_min_age  

¶ vacuum_multixact _freeze_table_age 

  

$ postgres -- single - D data postgres  

 

PostgreSQL stand- alone backend 9 . 6. 2 

backend> VACUUM 

backend> 
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ꜟכ◔꜡ 3.8  

─◓fi▫♦כ◖fi◄≥ꜟכ◔꜡ 3.8.1  

 ♦ⱨ◊ꜟ♩─꜡◔כꜟ │ initdb ◖ⱴfi♪─ñlocale Ɽꜝⱷכ♃כ≢ ⇔╕∆⁹--

localeⱤꜝⱷכ♃כ⌐◄fi◖כ♦▫fi◓╙ ∆╢≤⁸♦ⱨ◊ꜟ♩─◄fi◖כ♦▫fi◓⌐⌂

╡╕∆⁹ 

 

ꜟכ◔꜡≡⇔≥ꜟכ◔꜡ 90  ≤◄fi◖כ♦▫fi◓╩  

 

 

 

 

 

 

 

 

 

 

 

 

ꜟכ◔꜡  ꜟכ◔꜡⌐ ─╖ ⇔√ │⁸꜡ ⅜♪כ◖fi◄ה♩ꜟ◊ⱨ♦─ꜟכ◔

↕╣╕∆⁹꜡ ≡⇔≥ꜟכ◔ ja_JP ╩ ∆╢≤◄fi◖כ♪≤⇔≡ EUC EUC_JP

⅜ ↕╣╕∆⁹ 

 

ꜟכ◔꜡≡⇔≥ꜟכ◔꜡ 91  ─╖  

 

 

 

 

 

 

 

 

 

 

$ 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".  

<< >> 

$ 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 ll 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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╩ꜟכ◔꜡ ∑∏⁸◄fi◖כ♦▫fi◓─╖ ⇔√ ⁸pg_database ◌♃꜡◓─

encoding │ ↕╣╕∆⅜⁸꜡ ꜟכ◔ datcollate ⌐│₈C₉⅜ ↕╣╕∆⁹ 

 

╩ꜟכ◔꜡ 92  ∑∏⁸◄fi◖כ♦▫fi◓─╖  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ─ ⌐⁸ LANG ⌐ ja_JP.utf8 ╩ ⇔√ ⌐⅔↑╢ initdb ◖ⱴfi♪─

─ꜟכ◔꜡─כ♃☻ꜝ◒ה☻כⱬ♃כ♦≥ ╩╕≤╘≡™╕∆⁹ 

 

 43 initdb ◖ⱴfi♪─꜡◔כꜟ  

initdb ◖ⱴfi♪הⱤꜝⱷכ♃ lc_collate lc_ctype encoding 

⌂⇔ ja_JP.utf8  ja_JP.utf8  UTF8  

--locale=ja_JP ja_JP ja_JP EUC_JP  

--locale=ja_JP ñencoding=utf8  initdb ◖ⱴfi♪  כꜝ◄

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

--locale=ja_JP.EUC_JP ñencoding=utf8  initdb ◖ⱴfi♪  כꜝ◄

--no-locale C C SQL_ASCII  

--no-locale ñencoding=utf8  C C UTF8  

 

 

$ initdb -- no- locale -- encoding=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 "C".  

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

<< >> 

 

postgres=> SELECT datname, pg_encoding_to_char(encoding), datcollate FROM   

      pg_database ;  

  datname  | pg_encoding_to_char | datcollate  

----------- +--------------------- +------------  

 template1 | UTF8                | C  

 template0 | UTF8                | C  

 postgres  | UTF8                | C  

(3 rows)  



 

116 

© 2013-2017 Hewlett -Packard  Enterprise .  

 

ẽ ja_JP ꜟכ◔꜡ ⌐╟╢  

ꜟכ◔꜡  ja_JP ╩ │≢☻כⱬ♃כ♦√⇔ ─ ⅜ ⌐⌂╡╕∆⁹ 

 

¶ ▪ꜟⱨ□ⱬ♇♩⌐ ∆╢ upper lower  

 upper ⁸lower ⅜ ▪ꜟⱨ□ⱬ♇♩≢╙ ≢⅝╢╟℮⌐⌂╡╕∆⁹

⅜ ↕╣√ ≢ │≢☻כⱬ♃כ♦─⇔⌂ꜟכ◔꜡⁹∆╕╣↕ │ ╦╣╕

∑╪⁹ 

 

 93 upper / lower  

 

 

 

 

 

 

 

 

 

 

 

 

¶ money ⌐ ∆╢ ≢ ⱴכ◒─  

 psql ◖ⱴfi♪⅛╠money ─ ╩ ♃כ♦⁸≥╢∆ ⌐ ⅜ ↕╣╕

∆⁹√∞⇔ ─ ꜟכ◔꜡⁸ ꜡⅜כ♃☻ꜝ◒ה☻כⱬ♃כ♦⁸╙≢☻כⱬ♃כ♦─

ꜟכ◔ ≢ ↕╣≡™⌂™ │♪ꜟ $ ⌐⌂╡╕∆⁹ 

 

 94 money  

 

 

 

 

 

 

 

 

 

postgres=> SELECT upper('a'), lower('A') ;  њ ⌐ ∆╢ upper/lower  

upper  | lower  

------- +-------  

 A     | a  

(1 row)  

postgres=> SELECT upper(' '), lower(' ') ; њ ⌐ ∆╢ upper/lower  

upper  | lower  

------- +-------  

     |  

(1 row)  

postgres=> SELECT 100::money ; 

  money 

---------  

100  

(1 row)  


































































































































































































































































































































