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1.3 AXEDLE

ARILEOFLIREIPHIE PostgreSQL MMEHT 25 A L — Y ONEEES, v =27 WIZiX
FLA STV R WM E DO RREEDS O T3, (ERGE MEHICHHE LR 2 £ L oz
BRI TH DD, HfT L ~LOMRENEIZIZ D 2 E R H D £ T,

1.4 EXEDI/N— 3 >

AXEIFFRHIE LTUTFOAR—Y g v RS E L TWET,

£ 2 WMBPARA—Ta v

| NR—Tg v kS

TR A PostgreSQL 9.4 beta 1 9.4.0beta

AL —7 17 + | Red Hat Enterprise Linux 6 Update 4 (x86-64)
VAT A

1.5 AXEDEFH

ALFITZEERHUTEF 2T ETT R, FEHRLEHRARITRE L T EEA,
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1.6 AXEI/IZHT SEMH - BEREH L UEH

ALEBONRIZIEARA 2—L v b« RXoi— FMERESHORARX B TITIH Y AL, F
TENEDORIEWIC K0 A U TBBEIZ DWW TERE B L OSHIE BT EAVWEY A, KRIGE
295 TEA, TEAFICOWTIEAARE 2 —Lby b Ny —FRAS T Y
—a P T ¢ 7R EHME (noriyoshi.shinoda@hp.com) £ CTEHMLHELEE
[

1.7 ZF5C

1.7.1 REDE#H
PR () THENENE, MEPOLFINCAREND Z LR LTOES, U
OREEHEMLET,

# 3 KL

il BCs] il

{999999} ER DTS 16495

{9} —HTDEF 1

{ARCHIVEDFILE} | 7T—hA 70/ « 77 A )L 0000000100000000000000A8

{ARCHIVEDIR} T—hAT7TuaTHIHAT 4 V7 & | lopt/PostgreSQL/9.4/arch
Y

{BGWORKER} 51 A A 2 Worker 7' a2t 24 custom_worker

{DATE!} H A 2014-06-17

{HOME} psql =~ RETZ—HF—0D7HK— | /home/postgres
LT 4L 7 MY

{OID} LB OID &% 12993

{INSTALL} PostgreSQL -/ > A h—/L + 7 ¢ | lopt/PostgreSQL/9.4
V7 bl

{PGDATA} T—HNRX—R 7T ALZHT 4 L | Jopt/PostgreSQL/9.4/data
7~V

{PGDATABASE} T R— 24 demodb

{PGUSER} Pefe . — Y —4 demol

{PID} Zut 21D 3468

{PORT} B b AR — N &5 5432
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#* 3 R®iL (kD)

il B! il
{RELFILENODE} | 7—7/WIZxtied 57 7 A4 V4, | 16531
pg_class £ = —® relfilenode %
(ZRIE
{SLOT} VY r—vay s Ay b4 | slot 1
{SOURCE} NI A=BRELDV I 1
{SQL} & D SQL X SELECT * FROM tablel
{TABLESPACEDIR} | 7— 7 VZEMMAT + L7 R lopt/PostgreSQL/9.4/ts1
{TCP/IP (PORT)} 7747 O TCPAP T RV 192.168.1.100(65327)
A LR —  EE
{VERSION} N—=Ta V&S 9.4
{WALFILE} WAL 7 7 A V4 0000000100000000000000B0O
{WALOFFSET} WAL 47t > k 5225832
{YYYYMMDDN} TA—~v hER 201305111
$CF51) BREEAHOER S NS Z L &R | ${PGDATA}
kB
1.7.2 BIORE
AXLFENICIT =~ PR SQL XOFEATHIN G ENE T, BIILLTORLTRE L T E
R
x 4 plOR
il B fii 5
# Linux root = —#—n 72 7 K
$ Linux — {2 —%—n 77 k
RF == AT1T D LT
postgres=# PostgreSQL & FLE 23F|H 95 psql 71 7 |
postgres=> PostgreSQL — i —%—23FH 4% psql 72 o7 |
backend> AR RTBRY - EF—ROT BT |
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2. 7ORREAE)—

2.1 7Ot E

211 7O XOBFER

PostgreSQL @7 vt A# %13, postmaster2Z Bl 7 n AL Liz, O NNy 7 K-
T ALK I E T, postmaster Y2k 2D m kX ID X,
{PGDATA}/postmaster.pid 7 7 A /MTFEER SN E T, A AX UV ARIEFITEIE LIZSGA
W27 7 A VFHIBRENE T, 7 T4 7 > Mi postmaster 72 AN Y v AT 5K
— MIx L CERE TV E T

1 ek 208 FER

Fm B R R e N

Instance

[postmaster
toger /

p
[ wal writer ] stats ]
L
P
archiver postgres
———

postgres

L/
postgres

TFREOHITIL, 7 m& A ID 2680 7’ postmaster 7' 1 R (TR0 £9, ZDOMMOT 7 A )L
L9 X T postmaster 72 EADF7TREATHDH I L2030V £7, postmaster 7' 1 &
ANZ7 AT 2 "B O AT CRFEEITV, SQL X &I TT 57 mERL LT
postgres 7 ut A& EHEN L F9,

2 FR_RTCOT v ADBLL 72 % postgres 7 1 & A % JFE S 72 44 T postmaster & FEA TV E T,
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Bl 1 Fat AEEOHER

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

postgres 2680 1 010:25 7 00:00:00 /opt/PostgreSQL/9.4/bin/postgres -D
/opt/PostgreSQAL/9. 4/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 writer 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

212 AR EVTFIL

AVAR U RAERERT DNy 72 R e Fav R B EDY I T LR ETHZETT
I avERESEDLIENTEET, ZZTIEWLO0D V7 F L2 %kE LEZEED#)
TEIZ DWW THREEL TV ET,

[0 SIGKILL v 7 ) /v

postmaster 7’1t A KILL v 7 Va2 oG5l +7rnAb g a7 ntk
ANEERT LET, ZOBEIZ postmaster.pid 7 7 A /WITHIBE SN EH A, FREEIFFIZIX
LIFou ZRiik S ETN, 4 vV AZ A RIZEFICER L ET,

fil 2 BEKRTROBES =S
LOG: database system was interrupted; last known up at 2014-05-28 10:18:07 JST

LOG: database system was not properly shut down; automatic recovery in progress
LOG: record with zero length at 0/1715178

LOG: redo is not required

LOG: database system is ready to accept connections

LOG: autovacuum launcher started

BNy 7T ReTav AN 7 FNNEZE L E OBEXLL T o# ) T3, SIG_LIGN
1L 7 viEL SIG_DFL X Linux 7RE®ADT 7 4V OEWELZ R LE T,

] autovacuum launcher 7' 1% 2D 7 F )V ZZ O EHE
autovacuum launcher 7’2 XD o 7 FIVZEREOEEIZLL T D@ Y T,

15
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# 5 autovacuum launcher 7' vt X DE)E

v TF N R — HiE

SIGHUP avl_sighup_handler RIET 7 A VDGR IAI-
SIGINT StatementCancelHandler FATHD N Z Y7 > a Ok
SIGTERM | avl_sigterm_handler EF&T

SIGQUIT quickdie 7 7 H )+ sEE T

SIGALRM | handle_sig_alarm A LT T NI E

SIGPIPE SIG_IGN

SIGUSR1 procsignal_sigusrl_handler | U /3D 4LEf

SIGUSR2 avl_sigusr2_handler H &) Vacuum ZLERIEED U A XY
SIGFPE FloatExceptionHandler ERROR = 7' Hi7/;

SIGCHLD | SIG_DFL

O bgworker 7' 11& AD > 7 )V AZ KO EE
bgworker 7' 1 2D 7 FIVZAGKEOBIWEILLL T O#E Y T,

#& 6 bgworker 7 vt X DEME

vTF N RT— B

SIGHUP SIG_IGN

SIGINT StatementCancelHandler | ETHOD N7 %7 > a o OfifE
SIG_IGN

SIGTERM | bgworker_die FATAL =7 —ua 7 O H 7]

SIGQUIT | bgworker_quickdie SR T

SIGALRM | handle_sig_alarm HA LT T NFEA B

SIGPIPE SIG_IGN

SIGUSR1 procsignal_sigusrl_handler | U % /3 U ZLEH
bgworker_sigusrl_handler | latch_sigusrl_handler B % = — /L

SIGUSR2 SIG_IGN

SIGFPE FloatExceptionHandler ERROR = 7 /)
SIG_IGN

SIGCHLD SIG_DFL

0 writer 2 ¥ 2D 7 F IV ZREOEE

writer 7' 2B AD T 7SNV REOEIEIZLL T D@ Y T,
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F 7 writer 7t 2D8EE

DA% N RT— Bk

SIGHUP BgSigHupHandler RIET 7 A VDR FEAIA S
SIGINT SIG_IGN

SIGTERM | ReqShutdownHandler EF&T

SIGQUIT | bg _quickdie RERT

SIGALRM | SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 bgwriter_sigusrl_handler | latch_sigusrl_handler Bi%t% = — /v
SIGUSR2 SIG_IGN

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGWINCH | SIG_DFL

[0 checkpointer 7' & & 2D 7 L Z RO EIE

checkpointer 7' vt 2D 7 IVZAGREOENMEILLLT D1

#& 8 checkpointer 7’ & X DENME

0 CT

DA Z N RT— 1R

SIGHUP ChkptSigHupHandler BXIE T 7 A VDB IA S
SIGINT ReqCheckpointHandler Ty I RA L FNDFEITY 7 A K
SIGTERM | SIG_IGN

SIGQUIT chkpt_quickdie BT

SIGALRM | SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 chkpt_sigusrl_handler latch_sigusrl_handler %% = — /v
SIGUSR2 RegShutdownHandler WAL ® 27 v — X L IERKT
SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGWINCH | SIG_DFL

checkpointer 7' & & & |Z

SIGINT > 7 F NV ZEETHE, Ty 7HRA L RRFEITSH
T3, 7272 L I DFEIT/NT A—4 log_checkpoints % on (257

LThruBnHhanE

17
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A, pg_stat_bgwriter = —XEHFH N FE T,

(] stats collector 7' 2 & ZAD > 7 F L2 55O EME
stats collector 7' 22 AD > 7 F )V ZZHEOEIEIZLL F 0@ Y T4,

7% 9 stas collector 72 & 2 DEHE

DA% NS RT— BE

SIGHUP pgstat_sighup_handler | &E 7 7 A VDO FHFEAIAL

SIGINT SIG_IGN

SIGTERM | SIG_IGN

SIGQUIT pgstat_exit EFKT

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

[0 postmaster 7' 1-& XD 7 F VA5 RFOENME
postmaster 7' 22D T 7 F N ZERFOEWEIZLL T D@ Y TT,
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# 10 postmaster 7’ v & 2 DEHE

VI Ny KT — i
SIGHUP SIGHUP_handler BRET 7 A VDGR IA I

17 1 A2 SIGHUP v 7 ViklE
SIGINT pmdie FAST v v v b ¥ D
SIGTERM | pmdie SMART > ¥ v & 7
SIGQUIT | pmdie IMMEDIATE > % v b 472
SIGALRM | handle_sig_alarm | # A A7 7 M3&AEH
SIGPIPE SIG_IGN
SIGUSR1 sigusrl_handler FTavANED Y TV EAE
SIGUSR2 dummy_handler il L7gu
SIGCHLD | reaper F 7 u AT RFOMLER

Ny 7T R 7t 20 EH)
SIGTTIN SIG_IGN
SIGTTOU SIG_IGN
SIGXFSZ SIG_IGN

postmaster 7' 7t 22 SIGHUP v 7 7V %1% 7 5 &, postgresql.conf 7 7 A /LD
PRI TOILET, Tt pg ctlreload =2~ ROFE[TER LU TY, LLFOwr 7N H

jjéj/bi—g‘o

B 3 BRET 7 A VOBEHAAH

LOG: received SIGHUP, reloading configuration files

O startup 72 ® AD Y 7 IILZEREOENME
startup 7B AD T T FIOVZERFOEEIZLL T D@D TT,
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# 11 startup vt XDENE

v TF N RT— HiE

SIGHUP StartupProcSigHupHandler RIET 7 A VDR FEAIA S

SIGINT SIG_IGN

SIGTERM | StartupProcShutdownHandler | 7' & & Z#& T

SIGQUIT startupproc_quickdie BT

SIGALRM | handle_sig_alarm A LT T NI E

SIGPIPE SIG_IGN

SIGUSR1 StartupProcSigUsr1Handler | latch_sigusrl_handler %% == — /L
SIGUSR2 StartupProcTriggerHandler YUY &7, ~AZ =7 aE— |
SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

O logger 7’1t AD v 7 F IV R OENME
logger 7' & AD > 7 FIVZAZREOBIEIZLL N O#E Y T,

# 12 logger 7 v A DENE

v IF N RT— i
SIGHUP sigHupHandler RET 7 A NV DFFERAI
0 REORMRET 4 V7 N UAERKR

SIGINT SIG_IGN

SIGTERM | SIG_IGN

SIGQUIT SIG_IGN

SIGALRM | SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 sigUsr1Handler nryoa—7r—a UET
SIGUSR2 SIG_IGN

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL

20
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[0 wal writer 72 2D 7 F )L (ZREOEE
wal writer 702t 2D FFIVSZEREOBEVEIZLL T D@ Y T,

7% 13 wal writer 7 =¥ 2 DEHE

VT N RT— HiE

SIGHUP WalSigHupHandler HIET 7 A VD HEARIA S
SIGINT WalShutdownHandler IEFRET

SIGTERM | WalShutdownHandler EF”&T

SIGQUIT | wal_quickdie BT

SIGALRM | SIG_IGN

SIGPIPE SIG_IGN

SIGUSR1 walwriter_sigusrl_handler | latch_sigusrl_handler Bi%t% = — /v
SIGUSR2 SIG_IGN

SIGCHLD SIG_DFL

SIGTTIN SIG_DFL

SIGTTOU SIG_DFL

SIGCONT SIG_DFL

SIGWINCH | SIG_DFL
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2.1.3 7OtRX4%4

PostgreSQL A > A X A IR OB Y HE DO T v ANnbERINET, ps av K
HETERULEL T e AOLAFNILLTO@EY 12720 £9°, /3T A—# update_process_title
ZonlHRETHZ TR 0—HNE{LET (5744 MHE on),

R 14 FTukR4

ut A

Tut A

%

postmaster {INSTALL}/bin/postgres —D {PGDATA}
logger postgres: logger process

checkpointer postgres: checkpointer process

writer postgres: writer process

wal writer postgres: wal writer process

autovacuum launcher

postgres:

autovacuum launcher process

autovacuum worker

postgres:

autovacuum worker process {PGDATABASE}

archiver

postgres:

archiver process 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}

wal receiver

postgres

: wal receiver process streaming {WALFILE}

startup process

postgres

: startup process recovering {WALFILE}

bgworker

postgres

: bgworker: {BGWORKER}

214 JOEXDEE LFILE

checkpointer, writer, stats collector 7' 1 X (LFICEEI SN E T, oo TR
DIEE) MEDH A I U7X D@ Y T9, postmaster D17 vt A XEMIITH 7 1
T A THD postmaster 72 EADFEEL T =7 LTEY, postmaster 7' 1t A )ME Ik
LTS Zeamd 2B me A& T LET,

22
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#£ 15 FutRDOEE, &I

a2 EE), fEIkD X A I T
logger /T A —4% logging collector = on OHAIZEH) (T 7 4/ b
off)

autovacuum launcher | /X7 A —# autovacuum = on DOFAIZEE (5 7 4/ b on)

autovacuum worker autovacuum launcher 7 7 & X 28 X T X — X
autovacuum_naptime CTHEE SN7-[MkE (T 741k 14) T
EEh, WENK T D LR

archiver /37 A —%4 archive_mode = on DHFEIZEE) (T 7 4/ b off)

postgres (local) 7 TAT v OFEGRICEE), GIWTRRICE IR

postgres (remote) 7 TA T v OFEGRICEE), GIWTRRICE IR

wal sender AN =7 LT r—va VREO~ A X —{||TEEHE), A
L—"T « f UV AZ U AREE LT D LilEE), UIWrd 2 &5k

wal receiver AR =07 v = a VBRBEDAL—T L RAZ

ATCHEE), ~AH — o f VAZ U APMEIET D & HEIIELE,
VAL — o f VAR ANEHAIND L )

startup process AR =0T LTV r—va VBREDAL—T « f LV AZ
AT IR L)

wal writer L7V r—va VEREDAL—T « f VAKX U ATILEE LR
VY, EALISN TR IS E)

bgworker HALZ I T ADOHERIZ L0 BENET S

[] autovacuum worker 7' &2 -2 24

autovacuum worker 7t AL, v AL NnHHD L ) ICT —Z _N— A Hf TEE) &
NET, EEI SN SR AEIL/ 3T A —F autovacuum_max_workers (57 #/L ME 3) T
PED ET, EED worker 7' BB ARH—DTFT — X X—2D VACUUM LB Z1TH Z LI
bV EFAL, ZOLDEZHOT —F X—ANREEINTZA LV AZ L ATIEINRT A—H
autovacuum_max_workers DfEZ ik L7 & VACUUM LB S 25 — & X— 2 T A
ITONRDAREMERH D £,

(] postgres 7 1 & 244

T4 T v R ONERET D & HEIRYIZ postgres 7 1 AN EN L £9, postgres 71t A
DI KEKIT /3T A —% max_connections (7 7 #/V ME 100) (ZHIRSvE T,
— R — =235 C & 4% T'max_connections - superuser_reserved_connections (7
74V ME 3) | OFEMERITRY £, ZORIREZBRT 28ERERNH D L TOR
NN EET,

23
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Bl 4 —to—F — DOEEBEER

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

connections

] 5 /X5 XA —# max_connections THEE S - B 508

FATAL: sorry, too many clients already

24
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2.2 XFE—{Et

221 ANV I 7HE

PostgreSQL 1Z7 7 v 7 DF v v 22 H Ny 77 IR FE L, B Oy 72 R T
-t A THA LFET, PostgreSQL A > AKX U ANMEHT HIA /Ny 7 7L, System V
IPC Shared Memory (shmget > A7 L=a—)L) L AXAE —< v 7 K77 A/ (mmap >
AT LA—)) POBRINET, HF7 AR THHAL TEET 27200 m v 7 AEC
(X System VE~7 4+ BFHESNET, #2777 FAEMLTbE~T 4 -ty
FOEIFEHE SN EE A,

Bl 6 EHE NNy 77 DRNR

$ ipcs -a

—————— 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 msqgid owner perms used-bytes messages

A VABANRFEKRTTHE, AN T 7 BILOET7 4+ R3 ST LEIZENHD
FTN, A VAKX AOFEIMIEFIIThILET,

25
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222 £ENY T 7 DEE

Linux B&5812351F 5 System V Shared Memory (%, shmget > A7 A « 23— L& Affi> T
fER L %7, System V Shared Memory OfFAIZIE, AA b ET—BRF—F 5LV A X
HIRETOMENDHY £T, F—FBZIIUTOHERX LM > TERINLET, F—2BEIC
HHENTWDIHAEITE, B2 7 VA NSERPLEEFESEZRLET, OO0
LY —A 23— R (src/backend/port/sysv_shmem.c) PN PGSharedMemoryCreate BI%(HN
TEITLTWET,

A
— = )NF A—H port * 1000 + 1

BEERECIIHE A FF R — MES (XT A —HF port) 145,432 THH7=dH, A Nv 77
D F—1% 5,432,001 (0x52e2c1) L7210 £9, PostgreSQL 9.3 LA T System V Shared
Memory & U CERK S5 A E Y —HFEIIHEA PGShmemHeader

(include/storage/pg_shmem.h) O% A XTF, T—TNA T v 7 AFICHEHIND
HHENY 77 OKRMBIIE, AEYV =~y 774/ (mmap ¥ A7 Lha—/L) THERS
ALET, mmap TERIND AT Y —fHEKOY A XX 100 KB |2, FFE/T A —F— D
HEINDIEELZBIMLUZMEIC72 Y £9, Windows B85 TliL. CreateFileMapping v A7
LAa— K HEFE AT —2H L ET (sre/backend/port/win32_shmem.c),

2.2.3 Huge Page

KB A T U —%4EH L7z Linux TlE A€ Y —FEA M A2 HIJET 5 72912 Huge Page %
FAT 5 Z EMNTEET, Huge Page ~DxfiiT PostgreSQL 9.4 DFHERETH D . /3T A
— % —huge_pages |Z L VR EEINF T, Huge Page i HT 258D R—T - Y1 X1 2
MB CT7 (2 * 1024 * 1024 /31 ),  Huge Page Zfif1 T 2354, RSN DHIEH A E
U—DH A RFFHEMAZ LI 2 MB OfFEICHH®E 41, mmap ¥ A7 A« 2 —/L(C
MAP_HUGETLB 23M5E S E T,

O NI A—HFHEE
PostgreSQL 23ME 354 A€ Y —& LT Huge Page 3 5I121X, "NTA—F—

=y

huge_pages #&%E L £7,

26
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# 16 /37 A—# huge_pages [ZHHE T H1E

INTA—LE | A ik

on Huge Page # 3 5%

off Huge Page #ff [ L 72\

try Huge Page Offi AL, X UIES | 7740 ME

F 74 MED try ZH5ET 5 £ . mmap AT A —/Lic MAP_HUGETLB ~ 2 1 %
BELTHEAAEY —Z/FERLEEL, RKBLEGAITEAAEY — %
MAP_HUGETLB ~ 7 r #HIBr L CHAER LE T, ZD/NT A —F % on [ZHRET 5 & il
M2 Huge Page #fFH L E 3, 77 v F 74+ —2470 Huge Page 74— K LT e
. pgetl av Y RFUTFOTZT — « Avt—TFH N L TA U AZ R TEE T 4
Po

FATAL: huge pages not supported on this platform

[0 Huge Page DX EHE

Linux B&3% T Huge Page # G027 512150 — /L -/3F A —% ym.nr_hugepages (Z 2
MB HLON—VEORRIEERRELET, ZO/RT A—20OT 7 +/L MEIX0 TF, M
1 Huge Page D 1F#IE. /proc/meminfo 7 7 A VA ZR L £,

#1 7 Linux ® Huge Page %€

# sysctl -a | grep nr_hugepages
vm. nr_hugepages = 0

vm. nr_hugepages_mempolicy = 0

# sysctl -w vm. nr_hugepages = 1000
vm. nr_hugepages = 1000

# grep “Huge /proc/meminfo

HugePages_Total : 1000
HugePages_Free: 1000
HugePages_Rsvd: 0
HugePages_Surp: 0
Hugepagesize: 2048 kB
#

/37 A —2% huge_pages=on % {§7E LT2EREE CTA AKX AEBEIRFIZ M T 72~ — U D3 ek

27
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7

TERWEA, LFOZ T —RRAEL TS v AX L AREREBITEEEA,

%l 8 Huge Page X— UV RRE LT —

$ pg_ctl -D data start

server starting

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

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

perhaps by reducing shared buffers or max_connections

Red Hat Enterprise Linux 6.4 CTiX, ~v ¥ « 7 7 A /L iZ MAP_HUGETLB ~ 7 13K
HELTWBHTED, Y—Aa— Kb e K95 L Huge Pages IEXHIGD /3 A F U 23MERK
INFET, A F VU ERRRIZ, /usr/include/bits/mman.h WIZLL FOI703 8 5 03 iEgd LT
<TEEW,

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

224 R4

T EINy IR e AT Y =BG L <e v ZHIE OO O H S
N TUWET, PostgreSQL Tl A v A X AREIRFIZLL FO/NT A= N BEHE S 280
7 A EEDER S NET,

Y~ 7+ EAH O
BRRNANYIITURHE =

max_connections + autovacuum_max_workers + 1 + max_worker_processes

Y IOAEEH = CEILGKRN\Y I T FE/1T + 1)

B~ 3 EAIIT 1T HOE~ 7 + D3NS LE 7, Red Hat Enterprise Linux 6 D35
Gy BT A EEO D — RV - RT A= DT T )0 METERKE v a3 VDY 1,000 R
JEDT —H _X—=ZATHIUXH R mEPMELR SILTVET,

28
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7

T~ T BEOT— I e RTA=EINRNRELTWDEEE, UTFTOZT—NEELTA v
AR ABEEITEEE A,

Bl 9 E~7+BEDY Y —ARRTT —

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

The PostgreSQL documentation contains more information about configuring

your system for PostgreSQL.

. stopped waiting
pg_ctl: could not start server

Examine the log output

v 7+ EEGOXF 1T, EAAEFY) —DOF—LRLr Yy 7 TERKINET
( src/backend/port/sysv_sema.c ) ., Windows ¥g 5 T |Z . Windows API @
CreateSemaphore % fli - T ¥ ~ 7 x # # % /F sk L T v £ &

(sre/backend/port/win32_sema.c) ,

225 FxyIRSA b

PostgreSQL 1ZAE Y — 42 &7 —F DX v v a2 LTHHLES, AEY — DT —
ZIIIKEHER N2, AFY — ETHEHINIEAN—VEFA ML —VICEZRAEN DL
ERHDET, ARV =LA ML=V ZEMIL, Kbz kiET 2 R E 7213 2 Ol LB
ZRRIGET D2 HTF 2y VARA L FEMRET, Ty 7 HRA Y NIV OhDF A I
TTHRAELET,

O F=v7RA 2 hORAERE
F =y 7 RA 2 MILTOHEITRELET,
CHECKPOINT LD %E4T

29
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FEE N CHECKPOINT X% 5317 L7-% A

/NF A —% checkpoint_timeout Tk iE L 7= FF[H [E e

T 74/ M TIE300F (5747) MIRTEITINET,

WAL 7 7 A VD /RT A — X —checkpoint_segments (25 L7236

16 MB ® WAL 7 7 A W38T A—=Z—THRESNIE (T 7401 3) EiFEE
INENTZSAS

T TA e Ny I Ty TR

pg_start_backup BIEXSE TR

pg_ctl stop -m immediate =~ > REITOHE ZFRL

O FxvZHRA L FOFET

F =y ZRA L MITFEEN 2 2H 0 £4, —ERRHEIFRES WAL 7 7 A L OFIT K0 3
49 % Regular Checkpoint & A > A X o A% EFF°> CHECKPOINT ¥ 17 Kf D
Immediate Checkpoint T3, Regular Checkpoint OMLERIZ X H—TF 4 /N 7 7 & —JE|T
FZIALOTIF AL, —EHMICAHE Z o 2N RIS TWES, T A—X
checkpoint_completion_target OFXEIC LY, REDOF = v VKA (KRTA—X
checkpoint_timeout TIRE) FHAEFE T AT T T HEMOEEEZBELET, T 74
v MEX 05 72D T, KEIOF = v 7 WA FRHIGETD 50%DRHHTF = v 7R A b
EETESHDLHZ IR ET,

B 2 FxyvIZRALVFDET

Fx v 7 RA v MR Fx v 7 RA v MRt

F v RA L MET

checkpoint_completion_target

( \
\ ) t

checkpoint_timeout

EIABMNBUIEIRT 0 TR T HFIARSET 7y 7 BHOEEE, F=v 7R A b
il (/X7 A —2% checkpoint_timeout) % it L CHEMRN AR LET, EZIAAEIZ

30
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RMBHHELAIT 100 IV PO EEIEL CTOAEAEFRELET., Z Ok
IsCheckpointOnSchedule E9%% (src/backend/postmaster/checkpointer.c) T3 L TV F
7

O FzvZARA 2 MIBET AT A4
F v VRA Y NMIET DT A—=X I TFTOmEY T,

R 1T F=y IR MNBERT AT A—F

INT A—2Z GG 7 7 4V MAE
checkpoint_timeout F =7 RA 2 MHERE 300sec
bgwriter_delay writer 7' 8 & A E X AL G 200ms
bgwriter_lru_maxpages writer 7' 1 & AE X ALAN— U 100
bgwriter_lru_multiplier writer 7 1B AE X IAL—THOE | 2.0

B
checkpoint_completion_target | IREIOF = v 7 RA » MKZIE TIZTF | 0.5

Ty JIRA Y NESET S DLEIE,
log_checkpoints F v RA L MEHER 7ITES off

226 YT -NyI7

T—TNDI—lr vy )b« AXy R, COPY IN X2k 5 —ffue— R rbnd L,
HERY 77 bOT 0T 4 T H_X—=U N AT — SRS D AR H Y 7, =
DI=DT VAT LT —TNDOY A ANE N 77O 14 25T —T/WIHT D
= UV XL A VIMTONAGEHEIIAE Ny 7 7 EO—H AR L THEMRT S
Vo7 - RNy7ZyaHLET, 26OV A XFTY —ZXa— N ETEESNTNDSD
EHETEEHA,

R I8 TR 77 DY A X

JLER A X | BE =
—fh@tAiAA | 256 KB | Seq Scan
CREATE TABLE AS

CREATE MATERIALIZED VIEW

—fEEXIAL 16 MB | COPY IN

VACUUM 256 KB | VACUUM

31
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7

EBRAER SN DIEER Ny 7 7 O A RiF LD A RGNy 7 7 D 1/8 & bk
L CT/hEWERMEDILET (sre/backend/storage/buffer/freelist.c) .,

32
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23 12X R NELULEFDEYIE

A LAR U ADEEIRFOEE, A7 7ANVBIOEET A 7T ) OFRNEZ £ &
HTWET,

2.3.1 &8 MF L OFFHE

AVAZ U ADEBRIZIL pg_ctl a~v 2 FEEHLET, pg ctl =~ FIZiE, LBEDE
TEET D-w RXT A= FHEEITDIRN-W NT A= Z 28 ETH I ENTEET, ~
=a T VI HRENH 0 TR, A VALY U ADRENR, FEERE-W X7 XA —2 NT 7
FNVBET AV AZ U ZADELRRIZw NT A —=FZRTF 750 FTT
(http://www.postgresql.org/docs/9.4/static/app-pg-ctl.html),

# 19 pgctla~wr FITk B4 v R F v A EBEROEIE

EN(E HEHEDENE S

start FEFH (-W)

restart FERH (W) | A5 1 AP 3R] 40
stop [ (-w)

4%*1%%%@9 EAD R A LT MERIEt 8T A —Z CEELET., T 741 ML 60T
T, IMTEIIAT—H 2T =27 L, ZALT T FETHVIRLETS,

O A R& 2 ZEBR OB

A VAR ARLENFIT-w N T A —Z AERTE LIRW R D B O T 24 L £ A,
postmaster 7' 2 & A DRLEND 72 DI system BAEL (Windows UIAN) DR VIEDOHTF = > 7
LCWEd, F7- Windows &5 Tlx Windows API CreateRestrictedProcess % 5517 L T
WETHRVEOF = v 713 TbI TV ERA, ZODEREI=T —23 84 L T, pg_ctl
avy FORVEIZ 02D £,

33
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http://www.postgresql.org/docs/9.4/static/app-pg-ctl.html

7

Bl 10 A > R F v R BRI OBIE
$ pg_ctl -D data start
server starting
2014-06-13 10:16:26 JST 00000 LOG: redirecting log output to logging collector
process
2014-06-13 10:16:26 JST 00000 HINT: Future log output will appear indirectory
"ng_log”.
$ pg_ctl -D data start — EILYVTRZIIKHLT2EEE (T57—I2%5)

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

server starting

2014-06-13 10:16:36 JST FO001 FATAL: lock file “postmaster.pid” already exists
2014-06-13 10:16:36 JST FO0001 HINT: Is another postmaster (PID 3950) running in
data directory “/opt/PostgreSQL/9. 4/data”?

$ echo §? — pgctl AT FDRT—EXI(FO0

0

O V7Y r—ya VBRI D15

A VAL AE LRI -m smart /NT A —4% (T 74NV N) BEETDHE, 7 TAT R
OUWiE X A LT 7 hETHELET, RELLT U r—ya VRETAL—T « f UV AX
VAR DRI TA T U R ERZRINBRWED, AL —T OERIDITOI TN T HA
VAL ATEIETEET,

Bl 11 VY — g O -m smart /87 A—#
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

34
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232 RIA—ZDRFE

A AL ARBRFZIZ{PGDATA} /postgresql.conf 7 7 A JVIMENT S 4L, 23T A—H )0
WEINET, Tk, {PGDATA}/postgresql.auto.conf 7 7 A /LIMENT SN TR EfE % L
EXLET,

RTA—2D—E &2 TSI 5I2131% pg_settings B = — &R TS0 psql 2—T 4 VT
4 5 show all =2~ R&FE(TL £, pg_settings B = —® source Flix, /3T A —X D
RETLDOFEN LI E T, FigdlEiL, ¥ —Aa—F (sre/backend/utils/misc/guc.c)
W@ [GucSource_Names| BlF| TEZRIN TWAETY, EELIZIX., enum GucSource T
EFRINTz~7 v (PGC_S_{SOURCE) #HEALTT Z7EAZNTWET, enum fEILY
— A 2— R (sre/include/utils/guc.h) TEFRK IILTWET,

# 20 pg_settings £ = —® source 5

HIfiE i D%
default 77 4V MAE

environment variable postmaster DERBEEH) & E H

configuration file postgresql.conf 7 7 A /L T IE

command line postmaster E#)/ XT A —H

global Ja—/\)b ES RN
database TR RO TE

user 2P =B DORRE

database user == T = HR—2AHORE

client TITAT VR DDOFRE

override SRR T 7 4V MEZ T 2 5k — A
interactive T T —RE DI DB

test 22— —FEILT —FRX—=REEDT A K

session SET =2~ NIZCLHEHE

O R A=K OEER

PostgreSQL 9.4 7> 5% ALTER SYSTEM SCIZ X V) /3T A — X BREDEII KL T
5 X 912720 £ L=, ALTER SYSTEM Ui superuser #[R & Ffoax—P—DHEFTTE
7,

# 3 1 ALTER SYSTEM X

ALTER SYSTEM SET /85 A—%4% = {E | DEFAULT
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ALTER SYSTEM X CA K L7237 A —# OfEil: {PGDATA}/postgresql.auto.conf| 7
TAMIGERENET, ZOT7 7 A /MIFEFTERE LRI I ICL TSN,

#l 12 ALTER SYSTEM YT & 535 A — ¥ K

postgres=# SHOW work_mem ;

work_mem

(1 row)

postgres=#f ALTER SYSTEM SET work_mem = ' 8MB’
ALTER SYSTEM

postgres=# SHOW work_mem ;

work_mem

(1 row)

postgres=# ¥q

$ cat data/postgresql. auto. conf

# Do not edit this file manually!

# [t will be overwritten by ALTER SYSTEM command.
work_mem = " 8MB

$

EREOBITH 0D L 512, ALTER SYSTEM A v AH L AD/NT A—H | TEFEH
7. postgresql.auto.conf 7 7 A VW DALEZWZ T, ZDT 7 A /VIETA VAL o B
F 7213 pg_reload_conf BEEXFEITHREIZ postgresql.conf 7 7 A /L3 FEA0iA FILTZ & HENT S 4L,
EAEH S ET,

ALTER SYSTEM X ® /87 * — % fii & L T DEFAULT % 5 E ¥ % & |
postgresql.auto.conf 7 7 A /L5 /8T7 A—Z RHIBRI N ET,
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7

%1 13 ALTER SYSTEM XiZ Xk %/37 A—4% - Uk b

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.
$

2.3.3 4 VR Z U ALK DEME

pg_ctl stop -m smart =~ o NI ——DOK TE2RHELETN, FA4 LT T (T7
/v 60F) ERETHE pgetl a~vr RBNEVME L TR T LET,

BAALT T MLTESHATH, A VAZ LAY Yy NI UVHDRAT—H ADEETT,
IO, FHOI FAT o MEFRITTERVIREBIZHY £3, BiFot vy v a o4
THRTTHEHBICA VAX AT T LET, #4257 7 NOEEX, pgctl 2~
R/XZ7 A—% --timeout=F# (F721% -t B THELET,

Bl 14 £ VAFVARKRTHAA LT T B
$ pg_ctl -D /opt/PostgreSQL/9. 4/data stop -m smart
waiting for server to shut

pg_ctl: server does not shut down
HINT: The “-m fast” option immediately disconnects sessions rather than
waiting for session-initiated disconnection
$
$ psal -U demo
psql: FATAL: the database system is shutting down
T ROy P a vERFFITF RGN
$
$ pg_ct| stop -m immediate
waiting for server to shut down.... done

server stopped

$
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234 A VAREZLVAEBRNWEDS AT 5
A VAE L ARBEFICHAIAENDIEETETA T TV EZUTFIORLET, AV AX AR

BEFOENES strace 2~ RChL—A L CTHERLFE LT,

£ 21 AVREFURAEBRICHABRENDTFTAT T

FA4 7Y TA4LVIZ Y %5
libpg.s0.5 {INSTALL}/lib
libe.so.6 Mib64
libpthread.so.6 /1ib64
libtinfo.s0.5 Mib64
libdl.s0.2 Mib64
librt.so.1 N1ib64
libm.so.6 N1ib64
libnss_files.so0.2 /1ib64
libselinux.so.1 /1ib64
libacl.so.1 MNib64
libattr.so.1 NNib64

2.3.5 ERAHAZ ANV
A UVAR L ARBEFIC AN ENE 77 ANV ERLET, 4 VAKX ZADEIRITIEFIC

TONSGEERELTWEY, ENTA—FETT 74/ MEZEMAL THET,
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x 22 AHAT77AN

77 AN IR e
postgresql.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 FRERK
postmaster.opts {PGDATA} VERK,
pg_log (directory) {PGDATA} YERK
postgresql-{DATE}.log {PGDATA}/pg_log

pgsql_tmp {PGDATA}/base

state {PGDATA}/pg_replslot/{SLOT} 9.4 180
pg_hba.conf {PGDATA}

pg_ident.conf {PGDATA}

pg_internal.init {PGDATA}/global

recovery.conf {PGDATA}

backup_label {PGDATA}

000000010...00001

{PGDATA}/pg_xlog

0000 {PGDATA}/pg_multixact/offsets
0000 {PGDATA}/pg_clog
pg_filenode.map {PGDATA}/global
pg_internal.init {PGDATA}/global

global.tmp

{PGDATA}/pg_stat_tmp

db_{OID}.stat

{PGDATA}/pg_stat

global.stat

{PGDATA}/pg_stat_tmp
{PGDATA}/pg_stat

db_0.tmp

{PGDATA}/pg_stat_tmp

archive_status

{PGDATA}/pg_xlog
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3.3 F L— RO REE

31 F7AINRTLDEE

AETIETZ 7 ANV AT AT HEHREZEZML L T ET,

3.1.1 T4 LY MYiEE

Z ZTlE PostgreSQL 7 — 4 R_X—R « 7 T AL DT 4 L7 b UHEGEEZTEH L TOET,

O 5—FRX—R 7T AH

T =B R—=R 7T 2HT, PostgreSQL 7 — ¥ X — 2 DKFACIE MM T X THM I E
T, ARV —FT 4T« VAT LADT 4 L7 U EFREL T initdb 2=~ RIZE D ERE
NET, T—FX—R « I TRAHIA AL AEH), EILFRIERT S pgctl a~v2 R
THUTIRESI, AV AZ AOREHEAIC 20 £,

Bl 16 T—FR—R « 7T RAFZRNDT 7 A \VIEE

$ Is -1 §${PGDATA}

total 96

—rW—————— 1 postgres postgres
drwx————- 6 postgres postgres
drwx————- 2 postgres postgres
drwx————- 2 postgres postgres
—rW—————— 1 postgres postgres
—rW—————— 1 postgres postgres
drwxr-xr-x 2 postgres postgres
K &PEEE >

drwx——— 2 postgres postgres
drwx——— 2 postgres postgres
drwx——— 3 postgres postgres
-rw—-r—r— 1 postgres postgres
-rw—-r—r— 1 postgres postgres
—rW————— 1 postgres postgres
—rW————— 1 postgres postgres
$

4096
4096
4096
4222
1636
4096

4096
4096
4096
101
19598
45

13

Jun
Jun
Jun
Jun
Jun
Jun

Jun

Jun
Jun
Jun
Jun
Jun
Jun

Jun

D OO OO OO OO O O

D O O O O o o

12:
13:
15:
12:
12:
12:
15:

15:
12:
12:
12:
12:
15:
15:

45
00
52
45
45
45
52

94
45
45
45
45
52
52

PG_VERSION
base

global
pg_clog
pg_hba. conf
pg_ident. conf
pg_log

pg_tblspc
pg_twophase

pg_xlog
postgresql. auto. conf
postgresql. conf
postmaster. opts

postmaster.pid
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7

Fe B R« JTGRAA L L THREENTZT 4 L7 PIRNICIIZROT L7 R &
7 ANADMERRENET, base T 1 L7 NV ITKEALT — 2 BMEESNAEHEDT 1 LT
T3, base T4 L7 MUICIZT—F_R—RZ5HeT A7 - T4 L7 MU IMER S ILE
—a—O

3.1.2 T—AR—X - F4 LY F)DRE
Fe B N— 2 KIS T BT 4 L7 RUBTFICE, F— A _R— AR ESNE AT Vs
RMEMOD T 7 A L e LTERENET, BLTFO7 7 A A HBIIICER S g+,

# 28 FT—HR—R T4 L7 NI UTIIEREND 77 A4V

77 AN B! k=
{999999} BT A T AN
{999999}.{9} YA T AN (1GBEBOBKE)
{999999}_fsm Free Space Map 7 7 A /L
{999999}_vm Visibility Map 7 7 A /L
pg_filenode.map pg_class.filerelnode (ZXId 5, A7 V=7 b
LT T ANDXISETEFRT D
pg_internal.init VAT AEBROX Y v a T m AN A AL

A LB FER SN D,
{PGDATA}/global 1 L7 FU ., F—F_X—2
MEFEESNDT 4 L7 FUEFICER SN D,

PG_VERSION N—=2 g AMERBTLIRESNDTF AN T 7141,
T = _X=2ZFRFCTF = v 7 Sh b,

O 7 —7 VOkE

T—TNRA T v 7 Al pg_class B = —® relfilenode FIOEN, AL —F 4 7 -
VAT AEADT 7 ANEFIRLTWET, T DOBRIX oild2name = —7 4 U T 1 ZffEo5
TOHHERTEET MM D T — 7 VZERIT pg_class 7 — 7 /LD reltablespace %] CHER
LET., ZOIED 0 DG, pg_default 7 —7 NVZEMTHLH Z L 2R LET,
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Bl 16 7 7 A NVDRKE
$ oid2name -d demodb
From database “demodb”:

Filenode Table Name

16437 demol

postgres=> SELEGCT relname, relfilenode, reltablespace FROM pg_class
WHERE relname IN (' demo2’, 'demo3’) ;
relname | relfilenode | reltablespace

demo2 | 34115 | 0 {~ T—TJILZEM pg_default
demo3 | 34119 | 32778 {- F—TJJLZER/ thl2

O B A bT77A0

BITAN T ANME, TTINANRA T I ADET—E P ENTT 7 A LT
4, 77 AP A X3 1GB (RELSEG_SIZE * BLCKSZ) ## % % & EEIER S £,
DT 7 AMIMZT, 77 ANEOKRREIZ TA9 (9T 100 EZHET)) o774

VMBS IVET,

Bl 17T ¥ T A T7 AL
postgres=> SELECT oid, relname, relfilenode FROM pg_class WHERE relname=" |argel’ ;

oid | relname | relfilenode

16468 | largel | 16495

(1 row)

$ Is -1 16495%

—-rW—————— . 1 postgres postgres 1073741824 Nov 29 14:06 16495
—-rW—————— . 1 postgres postgres 96550912 Nov 29 14:06 16495. 1

3.1.3 TOAST ##§E
W PostgreSQL 1% 8 KB T D R—VIZ L a— FAKMLET, La— Rp—T % %
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Mo TSNS Z EEHY A, ZOROREELRZLa— NEIRX—VIZEHH T &
MTEFERFA, LV KRPMEZR L a— REET 272912 TOAST (The Oversized-Attribute
Storage Technique) & FEZIL D HEREN TR ST E 9, TOAST 7 — X X EMEH DFIT —
%73 TOAST_TUPLE_THRESHOLD (= > /3 A JVERIZIRE) TRO LY A A &2 5
Al B s nuE 9, F72 TOAST TUPLE_TARGET LA FiZ#E/h X415 £ T TOAST 77—
TINZT —Z ZM L ET,

[0 TOAST 7—7 /v
TOAST 7 —# I pg_class £ = —® relfilenode 5| CIRE IND 7 7 A /L E13HIT—T7 v
(B7 7 AV) 1M SILE T, pg class B = —OD reltoastrelid 51i21Z. TOAST 57—
LD oid MRIFE SN E T, pg_class B = —225 TOAST 7 —7 /LD 7 7 A /L4 (relfilenode)
BELORTOAST A>T v 7 ADT7 7 A4 V4 (reltoastidxnode) MR THZ LT, 774
NWERFET DI ENTEET, TOAST 57— 7 /L% pg_tables £ = —=X° pg_indexes £ = —
WZIERRSNER A,

3137 —7 /L TOAST 5—7 /v, TOAST A > F v 7 AR EHFR L TWET, T—
7L toastl ZERL L35 &, TOAST 7 —7/L toast_16525 25 HENEIC/ERR S v, 7 7 A
IV 165632 IZfRfF S vE T, TOAST A > 7 v 7 AL 165630 7 7 A /MK S U E T,

K 3 pg class £ =—& TOAST 57— /v

oid relname relfilenode reltoastrelid reltoastidxrelid
16525 toastl 16531 16528 0
16528 toast_16525 16532 0 16530

=

—

0 TOAST & — % O{3:AfF

TOAST 7 — X IZIFRF7 +—~ v FfRET L ENTEET, RF7 4+ —~ v MIE
HHBRICRESNE T, JIBLTHRET L2 Z &N TEET,
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# 24 TOAST F—Z{RfE74+—< v b

TF—<v b B

PLAIN TOAST %A L A,

EXTENDED JEfE & TOAST 7 — 7 L& FIH L E9, %< O TOAST ZF|H T& %
F—HRDT 7 5 ) METT,

EXTERNAL JERGIFATOE AN, TOAST 7—7 A %FIH L £,

MAIN JEMGIIATVVE 28, TOAST 57— 7 /ViJFEAIE LT LEH A,

psql =~ FAML, T¥d+ T—7 W4 251795 & TOAST XL FNORG 7 4 —~
v MR TEET, ROWFITIL, toastl T—7 /1D cl % (varchar &) & c2 % (text
) S TOAST ®IiTH D Z &b £9,

%1 18 TOAST F|DOFER

postgres=> ¥d+ toastl
Table “public. toast1”

Column | Type | Modifiers | Storage | Stats target | Description
cl | numeric | | main | |
c2 | character varying(10) | | extended | |
c3 | text | | extended | |

Has 0IDs: no

FIANNORIGET 4 —~ v NEEET S 7-9I21E ALTER TABLE ¢ SET
STORAGE fjz{f-> CTHEELET,
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7

#l 19 TOAST 477 +—< v N OERE

postgres=> ALTER TABLE toastl ALTER ¢2 SET STORAGE PLAIN ;
ALTER TABLE
postgres=> ¥d+ toastl

Table “public. toastl”

Column | Type | Modifiers | Storage | Stats target | Description
cl | numeric | | main | |

c2 | character varying(10) | | plain |

c3 | text | | extended | |
Has 0IDs: no

3.1.4 TRUNCATE X & 7 7 1 LD

TRUNCATE XWX EfTSNIZ b T o FrvavrPhaly bhand s, 7—7 507
H77ANE, Tz I RA Y MRl T A X 0 v ETontd, £,
TRUNCATE XXOEATN5E T35 &, IRIEIINSERT S5 720D 7 7 A VN FHRICER &
U, pg_class B = —® relfilenode |THT LWV 7 7 A LA ICHHT S LE T, TRUNCATE 733
ITESNDETHEHSNTZIHZ 7ANVET = vV RA  FOX A I 7 THIERESNE T,
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7

%] 20 TRUNCATE & 7 7 A L D*fhi

postgres=> SELEGCT relfilenode FROM pg_class WHERE relname="tr1

relfilenode

$ Is -1 2578% <« TFAILDOFER

—rw————- 1 postgres postgres 884736 Jul 23 11:23 25782
—rw————- 1 postgres postgres 24576 Jul 23 11:23 25782_fsm
postgres=> TRUNCATE TABLE tr1 ; < TRUNCATE X D E1T

TRUNCATE TABLE
postgres=> SELECT relfilenode FROM pg_class WHERE relname="tr1

relfilenode

25783 < TJFALNFHLL G0

(1 row)

$ Is -1 2578%

-rw—————- 1 postgres postgres 0 Jul 23 11:25 25782 — BZ7A4I1L
—rw————— 1 postgres postgres 0 Jul 23 11:25 25783 — #2741
$

postgres=t# CHECKPOINT ; —F v IRA 2 FDET

CHECKPOINT

postgres=# ¥q

$ Is -1 2578«

—rw—m— 1 postgres postgres 0 Jul 23 11:25 25783 — FHI727AILDH
$
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3.1.5 FILLFACTOR B¢

INSERT X#34TT5H &, _R—YANLa— FpRBilshEd, ﬁ%¢@&—ymv:—
RPN TERLRDERDEERN—UEELET, X—TVAIZICLa— REEMTE 5
%é%m?ﬁ@#FEM&M@RT#aHUEMHOR@T7¢»%@@1w@@?¢O:
DI, FHETIIN—UNIZHEBE R La— RPN ESND 2 IRV ET, 10T 7

WXL CHIET D ENTEET,

FILLFACTOR % 100%2A FIZ3 2 F]s% UPDATE 3TIZ X % S8IFIC 48 & gk 24 i C
X510, N—VHMOT IV EATA Ty —v U ANA LT AHETYT, — KT, T—7L
DERT 2= UEBIERT D 2 LR D720, 7T — T NEREFRATEAIZIE T/O 234
MF 22 & ET, EHPIHBIITONDG T =T NVELIEFA T v 7 AT
FILLFACTOR Offi% TF 7 4V MEND FIF 5 2 & 2R L £,

[0 CREATE TABLE AT O ffgat
7 — 7 WAERRRIC FILLFACTOR %&£ 9 % (213 CREATE TABLE 3£ WITH #JiZ

L$9, MERT HITIE pg_class B = —® reloptions ¥l & iR L £ 97,

%1 21 FILLFACTOR D& &

postgres=> CREATE TABLE fill1(keyl NUMERIC, vall TEXT) WITH (FILLFAGTOR = 85) ;
CREATE TABLE
postgres=> SELECT relname, reloptions FROM pg_class WHERE relname="fill1

relname | reloptions

filll | {fillfactor=85}

(1 row)

postgres=>

[0 ALTER TABLE SCEATRFOHENME

BEAFD T —7 /WZ% LT FILLFACTOR EYEA 2 %9 %213 ALTER TABLE 3|2 SET
F)THEE L £ 7, FILLFACTOR BYMEZZH L THEFT —7 LD L a— FIARE SN E
NIV
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7

%] 22 FILLFACTOR D& E

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

INSERT 0 1000
postgres=# SELECT MAX(Ip) FROM heap_page_items (get_raw_page(' fill1', 0)) ;

max

(1 row)
postgres=# ALTER TABLE fill1 SET (FILLFACTOR = 30) ;

ALTER TABLE
postgres=# SELECT MAX(Ip) FROM heap_page_items (get_raw_page( fill1', 0)) ;

max

T—7 ) Ailll (27— AL £, heap_page_items3RE% & fii > T~X— T DIRBE & fife

BT DL, RAION—VI20E 167 La— RS Tnbd 2 Enbnb £9, ALTER
TABLE (%37 L C, FILLFACTOR BMtAZH L, HESN—VOFREMR L TWET
2, ALV a— FEDMEN SN TND Z LD £,

3 JEBEE Y = — /L pageinspect CEFE I TWE T, FEITIZIE superuser RN METT,
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3.2 7—T/LZER

3.21 T—JILZEM&IF
PostgreSQL TlIT —4 X—RA T—TN AT v I A, T VT T, AR« Ba—%
DKFULA T ¥ = 7 MEIT =T NVERNENENE T, T—FX—R « 7 T A X EEKT
L. BFHET 2O T — T VERMBER S IVE T, pg_default 7 — 7 V22T —Mk = —H
—2MEH LE 9, pg_global 7 — 7 WVERIZIZET — X X—ATHETH AT LA Z0 T
DBEMNIINTWET, 7 —F_X—2EkkFIC T — 7 L% (TABLESPACE 1)) %57E
L7724, pg_default 77— 7 V22BN RE SN E T,

O /XF A—% default_tablespace

/NT A —# default_tablespace |37 —7 /L, /1"/7'*)774 ~TVT7IA AR+ Ea—

LEOF TV =7 MEKKFHIZ TABLESPACE )24 L7c el S o 7 — 7 V2E /4
ERELET, 207 A =2 D% EIX CREATE DATABASE SUUZ K 57 — & X— 2 DR
TFHITITEELER A,

ZDNRFGA=Z DT 7 40 MEIX" (EXFF)) T, T—F_X—=ANMRfFSNTZT —T v
ZEEMERHESNE T, A A UARRIET TR, By a VR THERTLHZ &
NTEET,

® 26 T NVEROEEERZ LRPo LGS ORES

F 77 b /XF A —%4 default_tablespace D+ E

NI A—HIEEH Y NI A—=BRRER L (ZE3XFF)
T —H =2 pg_default pg_default
T—T ) BE ST —7 V22 T RX—=RALE LT — 7 /L2
AT I A e ST — 7 L2 T =B R_XR—=R LA LT — 7 V22
~7 VT T A X | BESNLET — T IVZER —Z X=X L LT — 7V 2E
Keba—
DA/ L eI T —7 V2R T A R—=RLE LT — 7 /L2

4 Oracle Database & [Fl#k, [FREKR| LMEEINLILEELHD T,
5 L—2r U ADVERMESLIZIX TABLESPACE A3 % 0 FHAD, ZDO/NRNT A —X DEE L
2T ET,
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7

SET X4 > T v i g VA CHE LIz e, 158 LA 0T — 7 V2 MEES
DHINT x v 7 SNETH, RBEICAT V=7 MEBMHERRH 20 E I 03 F = v 7 Sh
FH A,

postgresql.conf 7 7 A /L TA A U ABLTIRE Licha . BEShZT —7 V2R
WIEIET D3 F = v 7 SNER A, $7-Z2084, TABLESPACE A% 803 % &
ST — B R—ADT — T NERIMER S ET,

Bl 28 FELBWT —7NVEREZIEE SN EEDEHE

postgres=> SHOW default_tablespace ;

default_tablespace

ts_bad — postgresql.conf [CHEELHBWT—TILEMEBEIETE
(1 row)
postgres=> CREATE TABLE datal (c1 NUMERIC, c2 VARCHAR(10)) ;
CREATE TABLE

Table “public.data6”

Column | Type | Modifiers
cl | numeric |
c2 | character varying(10) |

— TI2ANbDT—TIVEMBHER
postgres=> SET default_tablespace = ts_bad? ;
SET default_tablespace = ts_bad2 ;
ERROR: invalid value for parameter “default_tablespace”: “ts_bad2”
DETAIL: Tablespace “ts_bad2” does not exist.
1 SET X2 &k %/85 A —4 default_tablespace ZEEFIEF = v I HfThh b,

[ /X7 A —4% temp_tablespaces
—WA T =l NEVERT AT — T NVERAL DY A N ERELET, BEROARIDIEE S
NTWaHA, IS T —7/VZE/MIX random BIEL CHEMESAIERINSINLE T,

322 7Tz FETFAIILDOBIR
PostgreSQL TIET — 4 N—ART =T NEDF T V=7 MNIARL—FT 4 v 7« VAT
DT 4 LT NIRRT 7 AN ERIGELTOET,

50
© 2013-2014 Hewlett-Packard Development Company, LP.



7

O T—7 /%W (TABLESPACE) DO%§fiE

pg_default 7 — 7 VZEIZT — X X— R 7 T AXNDbaseT 4 L7 R EXHELET,
IERD T — T WZER BT 5 & . {PGDATA}/pg_tblspc] 7 4 L7 FVIZy >R w7 -
U7 PMERSIET,

VRV v T e VT DT 7 A N4IE. pg_tablespace E = —® oid FNZ %I D44 HIT
R

B 4F 407 8)ET—TNER

T—HNRN—R « JTFAH ST — 7 22T
/opt/PostgreSQL/9.4/data /opt/PostgreSQL/9.4/tb12
| | |
base pg_tblspe PG 9.4 201405111
| C |
F N2 0id T — 7 L 28 ] T —H~_—2 oid
| oid |
7 —7 )L filenode 7 —7 )L filenode
I 4 I 4

%l 24 T —7 NVEMOIHG
postgres=f# CREATE TABLESPACE tb12 LOCATION ' /opt/PostgreSQL/9. 4/tbl2’

CREATE TABLESPACE
postgres=# SELECT oid, spcname FROM pg_tablespace ;

oid | spcname

1663 | pg_default
1664 | pg_global
32788 | thl2

(3 rows)

$ Is -1 /opt/PostgreSQL/9. 4/data/pg_tblspace

total 0
[rwxrwxrwx 1 postgres postgres 26 Jun 23 11:15 32788 —> /opt/PostgreSQL/9.4/tb|2

$
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7

T NEMEERTDE. T4 b7 FUNIZIE [PG_{VERSION}_{YYYYMMDDN}
EWOHAHIOYT -« T4 L7 MU MNMERSNET, YYYYMMDD #5313 7 — 7 /VZERERR
A Cidm<, 77—~y MHOBMEZEBbnET,

%l 25 T —7 NZEF DN

$ Is -1 /opt/PostgreSQL/9. 4/tbl2

total 4

drwx—————- 3 postgres postgres 4096 Jun 23 11:16 PG_9.4 201405111
$

O F—=ZX—ZXDKE

TN IT = X=X« 7 T AZEFET-EOID (ad) BffE5shEd, 2D
oid % pg database B = — @ oid %l & L CHERTIHZ ENTEET (721
pg_stat_database B = —® datid 51), 7 — 7 /VZERHNIZT —Z X— 2D oid & [F C4RTD
T4 L7 NUDBMERSIVE T, oid DfEFRIL. L —7 1 U 7 « oid2name THER TE £,
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postgres=# SELECT oid, datname FROM pg_database ;

oid | datname

1 | templatet
12783 | template0
12788 | postgres
16385 | demodb

(4 rows)

$ oid2name
All databases:

0id Database Name Tablespace

12788 postgres pg_default
16385 demodb pg_default
12783 template0 pg default

1 templatel pg default

$ Is -1 /opt/PostgreSQL/9. 4/data/base

total 32

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

O F7Vx7 MWL T 7 A IVEFRE

pg class B = — %3 5 LUISMNZ, pg_relation_filepath B &> CTTF—7 V457
TANBERFET D LN TEET, ZOFKICT =T 4,/ T VT FA AR Ea—
/AT ABERETDE, TRROLIT, T—FX—=R « 7 FREZNEDOFERIA
A &R L ET, pg_default A DT —T7 V=R ZHH LTV 55E1E. pg_tblspe 7 4 L7
FUMTFITHEMS TS X IZFRRINETH, ERIZIFI R v 7V 7%k 7 7
A7 D 7,
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postgres=> CREATE TABLE demoi(c1 NUMERIG, c2 CHAR(10)) ;

CREATE TABLE
postgres=> SELECT pg_relation_filepath( public.demol’) ;

pg_relation_filepath

base/16394/16447

(1 row)

CREATE TABLE
postgres=> SELECT pg_relation_filepath( public.demo2’) ;

pg_relation_filepath

pg_tblspc/16453/PG_9. 4_201405111/16394/16454

(1 row)

postgres=> CREATE TABLE demo2 (c1 NUMERIC, c2 CHAR(10)) TABLESPACE ts1 ;

7 7 ANBDOIRETGT D856 1%, pg_relation_filenode PA¥ A H L £,
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3.3 FPAINRTALEBE

331 T—AR—X - VSRADREE—F

T—HENR—=R « JTZALIFEINTWDLT 4 L7 ML, EEa—HF—DhRn7 7€
ATELE—NR (0700) 2> TWARENRHY £5, F—7B—HF =127 /&
AMEDRRESNTNDE, A VAX U AR RETEEHA,

Bl 28 7 7R« BE—REA UV RF L RERH

$ chmod g+r data

$ pg_ctl -D data start

server starting

FATAL: data directory “/opt/PostgreSQL/9.4/data” has group or world access
DETAIL: Permissions should be u=rwx (0700).

Z2ET 4 L7 FUICK LT initdb 2~ RRETISN, T—F =R « 7T ZAZDPHERL
SNde, 747 M) OREE— NIBBNCERINE T, £o7 — 7V ZEMMAER
SNT 427 M) OREE— FBRERICEESNLE T,
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Bl 29 R#EE—FOELE

$ mkdir datal
$ Is -1d datal
drwxrwxr—x 2 postgres postgres May 28 12:59 10:27 datal
$ initdb datal
The files belonging to this database system will be owned by user “postgres”.
KIRHPHEE>
pg_ctl -D datal -| logfile start

$ Is -1d datal

drwx————- 14 postgres postgres 4096 May 28 12:59 datal
$

$ mkdir tsi

$ Is -1d tsi

drwxr—xr—x. 2 postgres postgres 4096 May 28 12:59 tsi

$ psal

postgres=# CREATE TABLESPACE ts1 LOCATION ' /opt/PostgreSQL/9.4/ts1
CREATE TABLESPACE

postgres=# ¥q

$ Is -1d tsi

drwx————- . 3 postgres postgres 4096 May 28 12:59 tsi

A VAR AREEOR#EET— FOF =y 73T —HRXR—R « 7T ZAZINANER ENT-
T NVEMTIH T EY A, ZODREE—FEETFLTCHLT T —Ti37e b 8 A,
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Bl 30 T—T7NZEROREE—FER

postgres=f CREATE TABLESPACE ts1 LOCATION ' /opt/PostgreSQL/9. 4/ts1
CREATE TABLESPACE

postgres=# ¥q

$ Is -1d tsi

drwx———- . 3 postgres postgres 4096 May 28 12:59 tsi

$ chmod a+r tsi

drwxr—r—. 3 postgres postgres 4096 May 28 12:59 tsi

$ pg_ctl -D data restart -m fast

waiting for server to shut down.... done

server stopped

server starting

3.3.2 274 IILDEH

PostgreSQL TIXT — 7 WA T v 7 ZAHMERI D7 7 A V& UTHERENE T, 77 A

KT D VO RPLERERB L £ L7,

O 7 —7 WAERKE %

T=INEERTD L, ST D77 ANNBERSNES, T—TNET7AND~ Y

v 71X oid2name =~ > KX° pg_class B = —® relfilenode 5| CHERTE £77,

B 31 T—T DR E T 7 AV

postgres=> CREATE TABLE demol(c1 varchar (10), c2 varchar (10)) ;
CREATE TABLE
postgres=> SELECT relfilenode FROM pg_class WHERE relname=" demol’ ;

relfilenode

$ od data/base/16424/
$ Is -1 16446
-rW————— 1 postgres postgres 0 Apr 24 16:48 16446
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T =T NAERRDOBE TIIY A X0DET 7 A NTHDLZ ENDLNYET, ZOT—TILZ
La— RE#EMLET, TRUNCATE L THIV 50 HL-5E b FEE T,

Bl 32 FzvIRA LV PHIDT 7 AV

postgres=> INSERT INTO demol VALUES( ABG', "123') ;
INSERT 01

postgres=> ¥q

$ Is -1 16446

-rW————— 1 postgres postgres 0 Apr 24 16:53 16446

F v I WA PBREAELTHRNDT, A XTFERSNEE A, BHTF = v 7 KA
YhEFATT D LT 7 A NMCEZIAARMTONET (writer 7’0 E RAIZ LD EHZIALIT
PNLHENHY ),

B 38 Fzv I RA LV FEDT AV

postgres=# GHECKPOINT ;
CHECKPOINT
postgres=#

$ Is -1 16446
—-rW————— 1 postgres postgres 8192 Apr 24 16:54 16446

Tay A A THD 8KB B THEZIAENTVD Z L3N 7,

O F—X O &
PostgreSQL ($iEF2H > RDBMS Th o7, La— ROEHFEZITHI &, [HL=2— RNiE
EHRINT, BFEHZOL I — RR—=VURNIZBMNMSNET,
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%] 34 UPDATE OFEATL 7 7 A L DIRVL

postgres=> UPDATE demol SET c¢1="DEF’', ¢c2=" 456’
UPDATE 1

postgres=# GHECKPOINT ;

CHECKPOINT

$ od -a 16446

0000000 nul nul nul nul P bs stx dc2 soh nul nul nul sp nul @ us
0000020 nul sp eot sp ff dcd 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 (cannul 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 sohcannul ht A B C ht 1 2 3
0020000

AN APEZAEN, TRy I ORENORYDO L 2 — RPREEFHRINTWD I ENbn
DET, FEEHHEOLa— FREBINMENTWAZ bbb ET., oMLY,
I—ROFEFILIT vy JNTIEITINTWDZ ENRDNY £9,

O BRI Hogr

La— REEREEHTL L, Tay 7 30-oE0nicihn £9, F—7 8 v 7 NICHH
MARER B D 256, 71y 7 NOARNEFIRDHIER S 41, ATREZRR Y [F—S— U3 il
A& EJ (Heap Only Tuples / HOT £45E)

3.3.3 Visibility Map & Free Space Map

T=INRA T v 7 AL, B (A XK 0ER) o774 v ELTEHINET,
F= AR END 7 7 A NS TV =7 FEAIHERR SN D 7 7 A L)Y Visibility
Map & Free Space Map T,

O Visibility Map

Visibility Map {Z 4 _— PR FIET 52—V E kT 5 7 7 A LT, T—TNADT 7 A
JNZEENLEN—Vh 1By PCEBELET, 7 7 4 V4 IX{RELFILENODE} vm| T
T ZOT7 7 A NESRT D Z T, VACUUM E TR H R— VR FE LR N_— V% R
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¥ v 7L VACUUM &L I/O B 2 B2 Z L 8 TE 3. 41814 1 XIZ 8 KB T,

T =T MERGE, BWDOF = v 7 RA N ETIT VACUUM FRIC/ERL S AvE T,

[] Free Space Map
Free Space Map IZ7 —7 /L « 7 7 A LINDKR— TN EOFLE 22 X (80N 5 & B
THTZ7ANTT, T—=TNDT 7 A NVICEENDIZEX—V% 11 P TEHELET, 7
7 A W4 1% {RELFILENODE} fsm| T3, ZO7 7 A V2B T5HZ LT, La—FKo
AR MERICHE AT D2 N TEL LIV 7, YA XL 24 KB T4, 7—7
MAERA% . )0 VACUUM FEATRFIC/ER SV E T, F£72 VACUUM FEATZ LICHEH S

£,

VACUUM (7 Visibility Map #Z 8 L7228 HALEE 217\, Free Space Map % B L 7,

[X| 5 Visibility Map & Free Space Map

Table

page 1

page 2

page 3

Visibility Map Free Space Map

0%

50%

25%

Hmmﬂ e 2
[ ] Az on

© 2013-2014 Hewlett-Packard Development Company, LP.

60



%1 35 Visibility Map & Free Space Map

postgres=> SELEGT relname, relfilenode FROM pg_class
WHERE relname=" demol’

relname | relfilenode

demol | 16409

(1 row)

$ od data/base/16385

$ Is 16409+

—rw——————— 1 postgres postgres 8192 Jun 6 16:46 16409 — Table

—rw————- 1 postgres postgres 24576 Jun 6 16:46 16409_fsm < Free Space Map
—rw————- 1 postgres postgres 8192 Jun 6 16:46 16409_vm < Visibility Map
$

3.3.4 VACUUM Eh4E

ZZTIXVACUUM BIZ L0, 77 ANVONENED L D ICET E0EMR L E£7,

[0 VACUUM CONCURRENT

VACUUM CONCURRENT #LElid, HHrAifEHz HA TR ikgic~—% 7 LET,

WHELOHH% T, 70y 7 OIFHRNED X DI T 20 L E T
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CREATE TABLE

INSERT 0 1
postgres=# GHECKPOINT ;
CHECKPOINT

postgres=> INSERT INTO demol VALUES (' AAA’,
postgres=> INSERT INTO demol VALUES (' BBB’
postgres=> INSERT INTO demol VALUES (' CCC’,
postgres=> INSERT INTO demo1l VALUES (' DDD’
postgres=> INSERT INTO demol VALUES (' EEE’
postgres=> INSERT INTO demol VALUES (' FFF’
postgres=> INSERT INTO demol VALUES (' GGG,
postgres=> INSERT INTO demol VALUES (' HHH’
postgres=> INSERT INTO demol VALUES ( I1II’,
postgres=> INSERT INTO demol VALUES (' JJJ'
postgres=> INSERT INTO demol VALUES (' AAA’,
postgres=> INSERT INTO demol VALUES (' AAA’,

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

"117)
'222°)
"333")
"444)
"555")
'666")
"7
'888")
"999°)
"000")
"aaa')
"bbb")

1La—FR1KBOTF—7A%E/KL, 12 a—FREEALET, 2k 272wy

DT —TIVMERR S E T,

Bl 87 T—H ¥l (77 A NVDKE)

$ oid2name -d demodb
From database “demodb”:

Filenode Table Name

16470 demol

$ cd /opt/PostgreSQL/9. 4/data/base/16424
$ 1s -1 16470

—rW————— 1 postgres postgres 16384 Apr 26 10:56 16470
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%l 38 7uv /HHRE (FE17ev)

* B
0001740
* B
0002720
* B
0003740
* [
0004740
* [
0005760
* [
0006740
* [
0007760
* [
0010760
* [
0012000
* [
0012760
* [
0014000
* [
0015000
* [
0016020
* [
0017000

*

* bel nul

Sp

ack

Sp sp

nul stx

* bel nul

* bel nul

sp

eot

sp sp

nul stx

" bel nul

" bel nul

sp

stx

sp sp

nul stx

" bel nul

" bel nul

sp

sp sp

nul

Sp

nul

nul

nul

sp

nul

nul

nul

sp

nul

nul

nul

sp

0000000 nul nul nul nul dle

G

Sp

stx

Sp

stx

sp

stx

sp

U

Sp

bs

Sp

bs

sp

bs

sp

stx

Sp

can

Sp

can

sp

can

sp

nak soh

Sp

Sp

nul

Sp

Sp

Sp

nul

sp

sp

sp

nul

sp

sp

sp

Sp

nul

Sp

* bel

* bel

Sp

Sp

Sp

Sp

* bel

* bel

sp

sp

sp

sp

* bel

* bel

sp

sp

sp

sp

" bel

nul

Sp

nul

nul

Sp

Sp

nul

nul

sp

sp

nul

nul

sp

sp

nul

nul

Sp

nul

nul

Sp

Sp

nul

nul

sp

sp

nul

nul

sp

sp

nul

4 nul

Sp

sp

sp

sp

sp

sp

sp

Sp

Sp

Sp

Sp

Sp

Sp

Sp

H etx

Sp

sp

sp

sp

sp

sp

sp

Sp

Sp

Sp

sp

sp

sp

sp

sp

sp

sp

sp

sp

sp

sp
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0020000 nul nul nul nul
0020020 nul sp eot sp
0020040 h dc3 dle bs
0020060 nul nul nul nul
*

0025720 nul nul nul nul
* B

0025760 ° bel nul nul
* B

0026740 sp sp sp sp
* B

0027760 eot nul stx nul
* B

0030760  ° bel nul nul
* B

0032000 ° bel nul nul
* B

0032760 sp sp sp sp
* B

0034000 stx nul stx nul
* B

0035000 ° bel nul nul
* B

0036020  ° bel nul nul
* B

0037000 sp sp sp sp
0037020 sp sp sp sp
*

0040000

nul

k

nul nul

Si

nul nul

nul nul

Sp

stx

sp

stx

sp
sp

Sp

bs

sp

bs

sp
sp

stx
nul
dle

nul

nul

Sp

can

sp

can

sp
sp

nak

nul

bs

nul

nul

Sp

Sp

nul

Sp

Sp

sp

nul

sp

sp

sp
sp

soh

nul

Sp

nul
esc
vt

nul

dc4

Sp

* bel

* bel

Sp

Sp

Sp

Sp

* bel

* bel

sp

sp

sp

sp

" bel

sp

sp

nul

dle

dle

nul

etx

Sp

nul

nul

Sp

Sp

nul

nul

sp

sp

nul

sp

nul

bs

bs

nul

nul

Sp

nul

nul

Sp

Sp

nul

nul

sp

sp

nul

Sp

, nul

nul

nul

nul

sp

sp

sp

sp

sp

sp

etb
nul

nul

nul

Sp

Sp

Sp

Sp

Sp

Sp

X
dle
nul

nul

nul

sp

sp

sp

sp

sp

sp

vt

bs

nul

nul

nul

sp

sp

sp

sp

sp

sp

sp

sp

sp

sp
sp

K7ay ORI L a— 2L, VACUUM A 2 E47 L £7,
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postgres=> DELETE FROM demol WHERE c¢1 IN (' CGC', 'JJdJ’)
DELETE 2

postgres=#t GHECKPOINT ;

CHECKPOINT

postgres=> VACUUM demol ;

VACUUM

COEEIZIV Ty INENED LI ICEL L EiER LET, LD 2601,
VACUUM %07 vy Z7RKEZ/RLTWET, 7ry ZNT, AL a— R KR7ry 7 F
H~BEhSh, ~y & L7y 7 FROMICHESEEAER SN TWET, ZOEEICX
0., ERE L EEEAER L CWDZ EnN b T, L, —EoLra—F (Fid
$Cix 001740 C1="GGG', C2="777T'» L = — K & 003740 C1='LLL' ,C2=bbb'® L =1 — )
FEE L THRMIhTHET,

vy 7NOLa— REHEERILHOT (Heap On Tuples) OHERE T SEhE S TuvE
To N URICEERBEPAE L TWVD LR SN5E1CE, 7 7 v 7 AT VACUUM
Y OMEZITWNET, UTFON—=VIZ@ER RS SN T ET,
http://lets.postgresql.jp/documents/tutorial/hot 2/hot2 2
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5l 41 VACUUM 4L# 1%

(BE17avr)

0000000 nul nul nul

A&
0001740
A&
0002720 sp
A&
0003740
g
0004740
g
0005760
g
0006740 sp
g
0007760
g
0010760
g
0012000
g
0012760 sp
g
0014000
g
0015000
g
0016020
g
0017000 sp

*

bel

eng

stx

* bel

sp

nul

" bel

" bel

Sp

nul

" bel

" bel

sp

nul
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* bel

sp

nul
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stx

nul

nul

sp

stx
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nul

sp

stx

nul

nul

sp

nul sp
nul G
sp sp
nul stx
nul 7
nul F
sp sp
nul stx
nul 5
nul D
sp sp
nul stx
nul 2
nul A
sp sp

7 stx nak soh

Sp

ht

Sp

ht

sp

ht

sp

sp Sp

can nul

sp Sp

can nul

sp sp

can nul

sp sp

Sp

nul

Sp
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* bel

Sp

Sp

sp
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* bel

* bel

sp

sp

sp

sp

* bel

* bel
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sp

sp

sp

" bel

soh

Sp

nul

nul
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Sp

nul

nul

sp

sp

nul

nul

sp

sp

nul

nul

Sp

nul

nul

sp

sp

nul

nul

sp

sp

nul

nul

sp

sp

nul

4 nul

sp sp

sp sp

sp sp

Sp sp

sp Sp

sp sp

sp sp

P bel

sp sp

sp sp

sp sp

Sp sp

Sp sp

Sp sp

sp sp
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Sp

Sp

" bel

" bel

Sp

Sp

Sp

Sp

" bel

" bel

Sp

Sp

Sp

Sp

* bel

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

0025760 " bel nul nul L L L sp
s

0026740 sp sp sp Sp Sp sp sSp sp
s

0027760 eng nul stx nul stx ht can nul
i

0030760 ~ bel nul nul b b b sp
i

0032000 " bel nul nul K K K sp
i

0032760 sp sp sp Sp Sp sSp Sp sp
i

0034000 stx nul stx nul stx ht can nul
i

0035000 " bel nul nul 9 9 9 sp
B

0036020 " bel nul nul H H H sp
B

0037000 sp sp sp Sp Sp Sp Sp sp
*

0040000

soh

Sp

nul

nul

Sp

Sp

nul

nul

Sp

Sp

nul

nul

Sp

nul

nul

sp

sp

nul

nul

Sp

Sp

nul

, nul

Sp

Sp

Sp

Sp

Sp

Sp

sp

sp

Sp

Sp

Sp

Sp

Sp

Sp

Sp

Si

sp

sp

sp

Sp

Sp

Sp

Sp

Sp

Sp

Sp

0 VACUUM # 2= [HH| A

VACUUM MLHE T2 & Flk 2 fEp T & Telod, 7 — X &L £

%] 43 VACUUM 43 (77— & K&#)

INSERT 0 1
postgres=# CHECKPOINT ;
CHECKPOINT

postgres=> INSERT INTO demol VALUES (MMM, 'ccc’) ;
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%] 44 INSERT# (F17mv7)

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

0001740 ~ bel nul nul M M M sp sp sp sp sp Sp Sp Sp sp
* B

0002720 sp sp sp sp sp sp sp sp  bel nul nul ¢ ¢ ¢ sp
* B

0003740 bel nul stx nul stx ht can nul “bel nul nul G G G sp
* B

0004740 " bel nul nul 7 7 7 sp sp sp sp Sp Sp Sp Sp sp
* B

FEOX T, THETEEL THEMHIN TV 0001740 H508 FEXINTWAZ &
N £4, Z0#EEIZT — 7/ FILLFACTOR EBMEIC L > TRALZEENH D £,

J VACUUM FULL

VACUUM FULL (%, BH#E L 2 — ROBFRMZT TR 77 A4 LD/ b 3l L F
To EBEOTZ7 7 ANNEDLITET D20EMRLET,

VACUUM FULL 234795 &, 77 ANAET 7 ALD inode PNEEINTNDZ &
DE, FHO7 7 A NVBEREND Z EnbnD 4, 2o s VACUUM FULL i
BFEDOT7 7 A NEGH, La— ROBEZ LRBRLHR 7 7 AVEERTHZETT 74
IVDKEINEITH>TND Z ENbnD £,

%1 45 VACUUM 4# (VACUUM FULL %£4T)

$ Is —1i 16470 < VACUUM FULL BT Z 74 JL
558969 -rw——m—m—— 1 postgres postgres 16384 Apr 26 11:39 16470

$ oid2name —d demodb
From database “demodb”:

Filenode Table Name

16476 demol <« VACUUM FULL T Filenode "EE Sh =,

$1s -1i 16416 «— 7 AL L i-node KEEINT=
558974 -rw—mm-—— 1 postgres postgres 16384 Apr 26 11:47 16476
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O —+5 55 &0 8

1,000 L 2 — FOF—7 L% 5T UPDATE 17 5S4 L. B—L 21— K% 1,000 [
UPDATE %17 5 54 T, VACUUM %4 £ 72 2 FE L o— ROKMNRRRY 3, —IHE
FOBEEREL a— RO E— MRS B DIk L, B— L 32— FOE#H TIE VACUUM
EIFEATTHHEN, 7a vy 7 NOAREL a— ROFFHNMTON L7280 TT,

Bl 46 EFFHEC LD T vy 7 BDOER
postgres=> CREATE TABLE demol(c1 NUMERIC, c2 VARCHAR(100), c3 VARCHAR(100)) ;
CREATE TABLE

— insert 1000 records
postgres=> SELECT relpages, reltuples FROM pg_class WHERE relname="demol’

relpages | reltuples

8 | 1000
(1 row)
postgres=> UPDATE demol SET cl=cl1+1 ;. «— —IREH
UPDATE 1000
postgres=> SELECT relpages, reltuples FROM pg_class where relname="demol’

relpages | reltuples

15 | 1000 <« JOy #LEZTLS
(1 row)
postgres=> TRUNCATE TABLE demol ;
—— insert 1000 records
postgres=> UPDATE demol SET G2="TEST' WHERE ¢1=100 ; —— 1,000 [EIZE{T
UPDATE 1
postgres=> SELECT relpages, reltuples FROM pg_class WHERE relname='demol’

relpages | reltuples

8 | 1000 — JAv/HEBITLEL

(1 row)
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335 A—F>-T7AN
PostgreSQL 73 > A% LV ANTAH =TT 57 7 A WZDOWTHfE L E L7z, Linux ®
Isof A~ REFEHL, 7R A—T 2 L TWET7 7 A VOBEGZREFHNTWVET,

O AU AX U AREEE
A AB A RER I 77 7 A )L L autovacuum launcher 7 =& 273 pg_database £
2 —ZKNET D7 7 ANDIHA—T L LET,

® 26 A—Fr--TrAN
Zat R FTx I NS T AN fii %
postmaster /tmp/.s. PGSQL.{PORT}

logger process

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

autovacuum launcher

pg_database

O =o—W¥—HkEk

AT MR H L, —— Frat R (postgres) 7%, pg am b o—% F—
T LET, Flea—F— 0NN ARB TT A, checkpointer 7'REANBH L2 b
DOWAL 7 7 A VEA—T v LET,

#2717 BWA—7Fv e T77A4N

Fut A FT= T NS T AN e
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
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7

O ®EHhoo¥ 7 arn0ET
B h T o7 a N ETLHE, b—R— e T RIEFANROL T =7
JThR<, I FO WAL A4 —7 2 LET,

# 28 BIWA—Fr - T77AN

st A FTx2 T NS T AN | EE

postgres | pg_xlog/AWALFILE}

postgres HHA T2 b

O =—¥—gliEtk
A=Y =N =T 5L, b= FuARNELET D, A—F L LTNEHT
7 A VETEICR Y £,

x® 29 A—Fv--TrAN

=R XTI NS T AN 2
autovacuum launcher | pg_database
logger process {PGDATA}/pg_log/postgresql-{DATE}.log

EEEDOFEERNS | PostgreSQL 1Z% < D7 7 A M HOWTARE|NZ R o T/ —X L
TWAZ ENbNET, v/ 77 A NVLWAL 7 7 A Vb LERE S A —T7 0 L, REIC
AL 7 —ALTWAZ N £1,

3.3.6 7OEXDEIME (WAL DEZAH)

MUY a VR EET D E WAL 7 7 A MZEZ AR TN E T, WAL OFEXIA
11X wal writer 7' 1 & A F 721X postgres 70 ANITNET, AR F¥ 2 A T
WAL O F ZjAZIE wal writer 7' 0 E ZDHBFEATLTND K D ITE DL TWE T, FEEE
1213 postgres 7B A HEXIALZITWET, WAL 2E XA 7 0 AOFERGIEFITHO
W R MREEETT > T ER A,

[0 /X7 A—4% synchronous_commit = on DOHH

TFREOAFNL, 73T A —# synchronous_commit = on (7 7 4 /L MHE) DA AKX AT
® L CT—7 & ER%, INSERT XA 51T L7234 @ postgres 7 BB AD Y AT La—
NEHTI L TWET, postgres 7t 208 WAL OE X AL ZIT> TWVET,
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7

%l 47 postgres 7R EARRITTDH VAT La—)L

1: recvfrom(10, “Q¥0¥0¥0, INSERT INTO datal values (1”..., 8192, 0, NULL, NULL) = 45
2: open(“"base/16394/91338_fsm”, O_RDWR) = -1

3: open (“base/16394/91338”, 0_RDWR) =16

4: lIseek (16, 0, SEEK_END) =

5. Iseek (16, 0, SEEK_END) =

6: kill (7487, SIGUSR1) =

7. write (16, “¥0X0¥0¥0¥0¥0¥0¥0¥0¥0¥0X0¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0". .., 8192) = 8192
8: open (“pg_x1og/000000010000000D000000DA”, O_RDWR) = 17

9: Iseek(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¥51”, 22, 0, NULL, 0) = 22

£ 30 FETESNVRTha—u

1T%& 5 | LB

1 UE—h « FA 5 INSERT X515
T—=TNHTZ 7 ANDT 77A (fsm 7 7 A )V EFER
F=INAT 7 ANDT IV A (F—=E T 7 A NEH—T)
T—=TNVHT 7 A NORGE
T—=TNVHT 7 A NORRGE

7' vt A ID 7487 (writer process) ~3 7 F/Lik(E
T—=NVHT 7 A NOPEHE (=T O E)
WAL O F—7"

WAL Ok

WAL D& XA 7

WAL O[]

UDP v U — 7 ~FATHRER

TCP & v ¥ a v ~FATHEREE

© |00 (I | |0 [+ |W (N

—
=)

—
—

—
N}

—
w

[0 /N7 A—# synchronous_commit = off DFHH

T A —4% gynchronous_commit % off [ZFFEL7-E Z A, WAL OEXIARIL wal
writer 7R EADMTH X927V £ L7z, postgres 7t AL WAL 7 7 A )UIZT 7 X
LTWETA, T—F 77 A IVDFHIALZIToT-1%. wal writer 72t A (&2 ID
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7

7635) 2% LT SIGUSR1 > 7 F L& EELTWET,

] 48 postgres 722 ABRITTIERI AT La—

recvfrom(10, “Q¥0¥0¥0. insert into datal values (1”..., 8192, 0, NULL, NULL) = 47

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

Iseek (34, 0, SEEK_END) = 40960

Iseek (34, 0, SEEK_SET) =0

read (34, “¥0¥0¥001!1¥312¥0¥0¥0¥0¥30¥0¥0 ¥0 ¥4 YO¥0¥0¥¥0¥350¥350%0¥%350”. .., 8192) = 8192
open(“base/16499/16519”, 0_RDWR) =35

Iseek (35, 44269568, SEEK_SET) = 44269568

read (35, “¥1¥0¥0¥0¥260774¥2P¥T¥0 ¥4 ¥0¥0¥0¥0¥330%237D¥0¥260¥237D¥0". .., 8192) = 8192
kill (7635, SIGUSR1) =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¥O0¥0¥O0¥17INSERT 0 1¥0Z¥0¥0¥0¥51”, 22, 0, NULL, 0) = 22

B 49 wal writer 72 EZANRITTAERI AT La—)L

——— 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_x10g/000000010000000100000017“, O_RDWR) = 5

write (b, “}¥320¥6¥0¥1¥0¥¥2T¥1¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0¥0L<¥302x¥322¢cuS”. .., 8192) = 8192
fdatasync (5)

wal writer 7' 17t A3 SIGUSRL > 7 F V%517 T, /A TOUFEEITV, WAL 7 7 4
MZEZAALTHET (T~1017H),
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3.3.7 7Ot XDOE (checkpointer [Z&k 5B EAH)

checkpointer 7' BE A XL TFHEY F = v I HRA L NEFETTHTREARATT, Fov/
PAVEIRRETLE, ¥—T AN T 75T —FT7 7 ANIEEZRAR, LAY T 7 L
ARV —=VORNFE—ESEET, LT OFlIE CHECKPOINT X4 %17 L7261
checkpointer 7R EANEITL TWAH VAT La— L& NL—ALTEHLDTT,

%l 50 checkpointer |Z & 2 & X AHNE (—E)
pen (“pg_clog/0000”, O_RDWR|O_CREAT, 0600) = 5

Iseek (5, 0, SEEK_SET) =0

write (5, “@UUUUULLUUULLLLLULLLLILLLLLLLLLLYT. .., 8192) = 8192

fsync (5) =0

close (b) =0

open ("base/16499/24980 vm”, 0 _RDWR) =5

write (5, "¥O¥0Y¥0¥0¥210¥253n¥262¥0¥0%0¥0¥0¥0¥0¥0¥0¥200%¥3657¥0". .., 8192) = 8192
open (“base/16499/24980”, 0_RDWR) =71« T—RIT74)L

Iseek (7, 442368, SEEK_SET) = 442368

write (7, "YOYOYO0¥3r¥262¥0¥0¥1¥0¥T¥4¥200¥16¥0 ¥4 -¥10¥0:¥0¥1¥0”. .., 8192) = 8192
—— |seek / write ZfYRL —-

open (“base/16499/12725”, 0_RDWR) =10
write (10, “¥OXO¥0¥0¥30¥1¥0¥220¥0¥270%17¥0 ¥4 YO¥0¥0¥00¥231|¥3”..., 8192) = 8192
fsync (7) =0
fsync (8) =0
fsync (5) =0
fsync (10) =0

Iseek (14, 7528448, SEEK_SET) 1528448
write (14, “}¥320¥5¥0%1¥0¥0¥0¥0¥340r ¥262¥0¥0¥0¥08 ¥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¥T¥6¥0¥0¥311¥237S¥0¥0¥0¥0". . ., 240) = 240
fsync (11) =0
close(11) =0

pgclog 74 V7 NURNIZTF =y 7 RA LV MEREEZIAL, WIZvm 77 A VETH L
TWET, 20% 170y 72 FoOF =277 A VEBEHF L, K% pg_control 7 7 A /LT
F =y 7 BA 2 FETOEHRZEDTHNETS,
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3.3.8 Ot RADENME (writer [CkHEERAH)
checkpointer 7B ANR—EDMRETT = v 7 RAV MK DEZIALEIT>TNDHD
WKL, writer 7 RERFEREINTZRN—Y (X—T 4 - Ny T 7) #EWVEBHTLOET
DEZAANTOET, writer 7R EADEZ ALY F = v 7 RA 2 FOFEIZLD T/O
D=2 % TFHTH5ZLNTEET, writer 72RO EZIALBBIZ NI A —X
bgwriter_delay (7 7 # /L ME 200ms) THRDO LI TWET, FFHLRREIL Linux / UNIX
77 v b7 — A TIiL select > A7 & a—/b Windows Ei#% CTiL Windows API
WaitForMultipleObjects THif% L £ 3 (WaitLatch BE8%% backend/port/win32_latch.c /
backend/port/pg_latch.c),
EXIALT Ty VO KAEIL, /3T A —H bgwriter_lru_maxpages CHHE D £9, 7
7 4V MEIX 100 TF, ERROFEZIALT vy 7BITHEFERI NI T vy 78512, RT
A —% bgwriter_lru_multiplier DfEZ#H T CiFEINE T, TOLHETHLNRNT A —XH
bgwriter_lru_maxpages Z# 2 5 Z L I1dH Y £ A, /XT A —F bgwriter_lru_maxpages
EIREMEL L ST R —VHFIC K 5 P S D MBEA— 8N, A rEEe~—
VHID b REVGEIZOHLEROEFEZIALPITOILET,

& 31 writer 7o R ITEHRT BT A—&

INTA—H B! 77 4V M
bgwriter_delay writer 7 1 & 2 DOFE X AL M 200ms
bgwriter_lru_maxpages | &I IALRKAN—TH, 01275 L HFEZIAL | 100
ESEE ey W D
bgwriter_lru_multiplier | EEJERAR—IZHENT D H 2.0
75
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34F 257> NNy oFv T

341 AV 34Y - N9 U7y TOENME

FoTA L e Ny I Ty TNIA AL ARERE TSy 7T v T2 BAET 5 5ETY,
A AL ATHRE LT pg_start_backup B A FITL, T—HX—R + J T AKX FOA
T ANEN I T v T LET NI T v TNRET LIZ6 pg_stop_backup BI% A 31T L
F9. I O#AEL pg_basebackup =~ FTHERIIAT) 2L R TEET, A T4
YR I Ty FRIT I R=A e 7 TS (BLOIRT —T NV 2ER) ROy 7T
v T ERGTHMERDY EF, T—FX—RAHENDO/NNy 7T v 7L pg_dump a2~ R
DFMEN > 7T TN T 20BN B £,

0 pg_start_backup B4k
Fr T4y RNy 7Ty T ORREES LET, TOBRBRNETINDLE, Ny Ty
TR O WAL A7ty PMEARRRSINET, TV - T 7 A0
[{PGDATA}/backup_label ] 2MEKRINET, UL - 77 A MZE, Ny 7T v 7O
FRREEI> WAL OfF S it#l S E 77

Bl 51 ATy « NI T O

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

0/59000028
(1 row)

postgres=t#

%l 52 pg_start_backup BE%FEITHF D backup_label 7 7 1 /v

$ cat data/backup_label

START WAL LOCATION: 0/59000028 (file 000000010000000000000059)
CHECKPOINT LOCATION: 0/59000028

BACKUP METHOD: pg_start_backup

BACKUP FROM: master

START TIME: 2014-05-28 13:36:25 JST

LABEL: 2014-05-28 13:36:25. 256729+09
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7

[ pg_stop_backup Bk

T T4 RN I T T ORETEES LET, ZOBRBRFEITENDE, Ny I T v
THETIRED WAL 47t v MENFRRSIVE T, £7- pg_start_backup BAEEEATIRFIZ/ER S
ni=F L« 77 A )L [{PGDATA}/backup_label | IZHIFRSH, 7—HA 7 - ulF 4L
7 FUIZHHDO T L« 77 A VDMERR S L E T

Bl 58 o TFAL «c Ry I T T DT

postgres=tt SELECT pg_stop_backup() ;
NOTICE: pg_stop_backup complete, all required WAL segments have been archived

pg_stop_backup

0,/5B0000B8
(1 row)

sXF A —H archive_ mode=off DIRBETAH L T A v « X I T v T HETTH L,
pg_stop_backup BIREITIRFICLL F OEE R ER RS NVE T,

Bl 54 2 FA Y « Xy 7T v DT (archive_mode=off)

postgres=tt 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)

342 NV O TFvT-SR)L-T74)

Ny I T T« TXYb e Ty AL, A TA 0 - Ny 7T v TORTRESRPTEHE I
L7 XA N7 7 AT, pg_start_backup F%%EFEi79 % & {PGDATA}/backup_label |
77 AN E L TER S IVE T, pg_stop_backup BE# % 32179 % & . backup_label 7 7 1 /L
INEE FatrAB LTEERIBRS, 7—A4 7 - a7 LRELT 4 L7 RVICBLFO 7 +
—~ v FOAFTCER S ILE T,
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FX)L e T AINDT F—< > b

{WALFILE}. {WALOFFSET}. backup

A VAL AEIERFZ backup_label 7 7 A V3E S TWDEA, RILT 4 L7 RUIC
backup_label.old 7 7 A WVIZARINEH S NVET, ZOWALERIT, pg_ctl stop -m immediate
avy REFTLELAETOERINET,

A U RL L AREFFIZ backup_label 7 7 A L3S TV DLHEL, 77 A VAN
backup_label.old IZ7 7 A VA NEL SN THHA U AZ ANEREI SV ET,

%1 55 backup_label 7 7 £ VS T-IREETA R Z o LBl

2013-05-28 11:47:57 JST LOG: database system was shut down at 2013-05-28 11:47:26
JST

2013-05-28 11:47:57 JST  FATAL: invalid data in file “backup_label”

2013-05-28 11:47:57 JST LOG: startup process (PID 9240) exited with exit code 1
2013-05-28 11:47:57 JST LOG: aborting startup due to startup process failure

FGYL e T A EITHRANERO T 7 ANVT, T A2« RNy 7T v 7T 51F
AT EH I N TWET,

%32 NulTv7 TG T L LDONE

17| HAONE G| ik
1 | START WAL LOCATION: Ny 7T T BEARED WAL

2 | STOP WAL LOCATION: Ny 7Ty THET RO WAL

3 | CHECKPOINT LOCATION: | = v 7 &R A » M

4 | BACKUP METHOD: Ry 7T v FHik

5 | BACKUP FROM: Ry 7T v 7TTE

6 | START TIME: B AR

7 LABEL: Ny T T« T

8 | STOP TIME: T IRFZY

5 A#&170 STOP TIME 1% pg_stop_backup BI¥% F1T L2 GA IR o SvE 7,
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Bl 56 S~ - T AN

START WAL LOCATION: 0/5B000028 (file 00000001000000000000005B)
STOP WAL LOCATION: 0/5B0000B8 (file 00000001000000000000005B)
CHECKPOINT LOCATION: 0/5B000028

BACKUP METHOD: pg_start_backup

BACKUP FROM: master

START TIME: 2014-05-28 13:39:39 JST

LABEL: 2014-05-28 13:39:38. 764743+09

STOP TIME: 2014-05-28 13:39:46 JST

343 LINr—Sa0EF o4y - nNvo7y7T

FoTAL RNy Ty TEBEFITTEDLDIIYAL — e A LV AF L ADIHTT, A
L—"7 o f AKX ATHEITT 5 & TERROR: recovery is in progress] T 7 —23%4E L F
ER

Bl 57 AL—F « A VRBUVRTEFUYFAY Ny I T 97

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

ERROR: recovery is in progress

HINT: WAL control functions cannot be executed during recovery

postgres=f

VAL — e A VAR ATHE L TA Y « RNy I T TETHICAL—T « f VAKX AT
pg_is_in_backup B ZFEATTH L (A T A X 77 v 7HRTIER) BIRY £7,

Bl 58 AL—T « f LVRBLVATEYTFAY NI T v TDF w7

postgres=# SELECT pg_is_in_backup() ;
pg_is_in_backup

(1 row)
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344 T4 VNVITITEA VD REZVAREL

FTA Ny T T smart B— REFRELTIZA VAHX L AEIEITEIRL F9,
BIEIZKRMLTESGETHOA VAZ L AZV Yy NE T U DORT —H R DTeH— i
— IR TEFEA, T TA Y - RNl T v THICA AK R EREIFNAE RS

HiZiX fast E— REHEELET,

Bl 69 AL FAL Ny I T vTHRDA VAR REIE

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

0/A5000028

(1 row)

postgres=# ¥q

$

$ pg_ctl -D data stop

WARNING: online backup mode is active

Shutdown will not complete until pg_stop_backup() is called.

waiting for server to

pg_ctl: server does not shut down
HINT: The “-m fast” option immediately disconnects sessions rather than
waiting for session-initiated disconnection
$ echo $7?
1
$ pg_ctl -D data stop -m fast
waiting for server to shut down.... 2014-06-13 12:37:27 JST 00000
DEBUG: logger shutting down
done

server stopped

$
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35 Z74INDT74—7Y F

3.5.1 postmaster.pid
postmaster.pid 7 7 A /MEIT —HX—R « T RAZNIERENDTHFAL - 7741
T, A AZ U ARBIRHIER SV, A VA X AEFK TIRRICITHIBRESNE T, v=
2T ITIXT 7 A VDIFEIC L D A Y A X U AOBB & B35 & 9 1TENRL T E 4203,
HERIZIEZT7 7 AVD1ITRO7T oA ID 2B L TVET, ZNHDOERITY —A=a—F
(src/include/miscadmin.h) WNIZ TLOCK_FILE_LINE_*| v 7 v & L TITHE TN ER
NTWET,

# 33 postmaster.pid 7 7 A VDORE

(85 | HANE 1%

1 postmaster 7' =& X ID 10 #E%L

TP N—R e T RLDINA

A VAR ARG

IPv4 #5f s HAR— bk

n—H VARG Y oy MERRT 4 V7 B

IPv4 &kt H 7 N LA

(S |[O |~ | W | DN

System V #:H A€V —DF— 1D 1Filk 10 #E%K

T 7 AND IATHICEINT- 35 % ID ICH > 7 0 ABEE LR WA pg_ctl status =
< R pg_ctl stop 2~ NIFEMEL £H A,

O /XF A—# external_pid_file

XT A —4 external pid_file (27 7 A V4 (F21ET 4 V7 UL EET/NR) BEE
9% & . postmaster.pid 7 7 A /LTI A T postmaster 7’02 AD ID ZEXIAT 7 7 A /L
DMERK S HVE T, 7272 L. external_pid_file |2 /] &4 A #Hi% postmaster © 7 1 & & 1D
7210 C9, 72 pg_ctl =¥ Nid external_pid_file &M L £+ A, postmaster.pid 7 7
A NVHRGEE — Rrw------- THERR SN D DTk L, external_pid_file Tlx., fri#EE— K
rwrr- CERR &5 728 PostgreSQL EEEE LA DO 2 —HF — MBS 25 Z LN TX T,

3.5.2 postmaster.opts

postmaster.opts 7 7 - /LiL postmaster 7' 1B A EEFDO/NT A —H B RFFTDH T 7 A
NT, A ARY L ARBRHAER S NE T, AV AF CZIFERICHHIBRS L ER A, A
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7

VAR ARFIZZ DT 7 A NN EZIABMERD NG S A VAKX S ARNIT T —
\Z720 £9°, pg ctlstart 2~ RTHREESNIZARATA—ZRNZDOEEHTENE T,

%1 60 postmaster.opts 7 7 f WV DNE

$ pg_ctl start -D data

$ cat data/postmaster. opts
/opt/PostgreSQAL/9.4/bin/postgres “-D” “data”
$ pg_ctl stop

$ pg_ctl start

$ cat data/postmaster. opts
/opt/PostgreSQAL/9.4/bin/postgres

$

3.5.3 PG_VERSION

PG_VERSION 7 7 A V%, T—H =R« 7 T AXBLONT =T NVEMAT 4 V7 Y
NOT—H2_X—=Zoid 7 4 L7 ML FICHBIICERSIND T F A N7 7 A L TF, FR
FINZIEA Yy ==V a VRSN TWET, BMRT A N7 7 AL TTR, T—4
NR—R e JTGRAENDT 7 ANBRKDOND EA VAR APRETET, 7 —HXX—2 oid
T4V RINDT 7 ANBRKDIND LY T —FX—R T TE R0 7,

% 61 PG_VERSION 7 7 A VDN

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

9.4

$

3.5.4 pg_control

pg_control 7 7 A JLIZ{PGDATA}/global 7« L7 F VIR SN D/NS TN, F 1 « 7
7 A4 TT, A4 XX 8 KB T3 (src/include/catalog/pg control.h & (Z
PG_CONTROL_SIZE TE#)., EEICHEZIAEND T —Z IMEK ControlFileData T
EFe I TWET (srefinclude/catalog/pg_control.h),
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7

[0 pg_control 7 7 A /L DN

pg_control 7 7 A /LD E/RNEIL pg_controldata =~ R CHERTHZ ENTE £,

% 62 pg_controldata =~ KD EFT

$ pg_controldata data

pg_control version number:

Catalog version number:

Database system identifier:
Database cluster state:

pg_control last modified:

Latest checkpoint location:

Prior checkpoint location:

Latest checkpoint’s REDO location:
Latest checkpoint’s REDO WAL file:
Latest checkpoint’s TimeLinelD:
KIRHPEEE>

Time of latest checkpoint:

Fake LSN counter for unlogged rels:
Minimum recovery ending location:
Min recovery ending loc's timeline:
Backup start location:

Backup end location:

End-of-backup record required:
Current wal_level setting:
KIRHPERE>

WAL block size:

Bytes per WAL segment:

Maximum length of identifiers:
Maximum columns in an index:
Maximum size of a TOAST chunk:
Date/time type storage:

Float4 argument passing:
Float8 argument passing:

Data page checksum version:

Latest checkpoint’'s oldestMulti’s DB:

Blocks per segment of large relation:

937
201405111
6013822633043442764

shut down

Wed 02 Jul 2014 05:25:25 PM JST

2/B1000028

2/B0000028

2/B1000028
0000000100000002000000B1
1

1

Wed 02 Jul 2014 05:25:25 PM JST

0/1
0/0
0
0/0
0/0
no

archive

131072

8192

16777216

64

32

1996

64-bit integers
by value

by value

0
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7

N=T g UMERRT = F R=ZAD ID O & 5 ZREENH, RKEEFEFL, A AL AD
WHE, F = v VRA v FOIER, A A AEOBRNSE I ENET, pg_controldata =
< ROHIFERNSHD LBV, pg_control 17T = v 7 iRA > MEEB IO VAKX A
DAT—H A FRFAE R EH SN E T

pg_controldata ==~ > R3E{TH5 R Database cluster state (ZI1ZHAED pg_control 7 7
ANDPRIKL TNDT —F_N—=R « 7 T 2ZDIRENR ) S ET,

# 34 Database cluster state
i 7 B ik
0 starting up A VA AT BT
1 shut down A VRE L ATIEFET
2 shut down in recovery U A3 HDAE IR
3 shutting down &
4 in crash recovery 7T ya s YRy
5 in archive recovery L) r— g UELTH
6 in production 1EH B RE
unrecognized status code | A7 — % AARH pg_control A% ?

84
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3.6 7Oy oDI7F+—vw k

3.6.1 TOvYER—D

PostgreSQL 25175 /O 137 v v 7 AL CiThbivET, 7 r vy 7 3T 8 KB T1,
ZOfEEEET H7=Di121 [sre/include/pg_configh] W® [#define BLOCKSZ 8192 %
EELTHIAL S ARKRETT, 70y 7 NICES—URBHES N TOETR, BHED
PostgreSQL TiE7 v v 7=_"—IZ 572, RILEKEBZZXHZENTEET, 71y
7 (R=) F1 77 AVNIC 18L,072 ERN T 2 Z &R TEES, T T 7 A NRZ
DY AR (8BKB*131,072=1GB) ##ADEHLWT 7 A AMERSNLET, ZOfEIE
pg_configh 7 7 A4 /L® RELSEG_SIZE v~ 7 2 CIRESINTWET,

BRI —=T Ny B R=TUNDOE L T NN~DRA X =D INET, 741
T LRA L ZNE N=TVNOETVDOAEERLET, Z T IER= T ORI D=
OFEFEIZMIT TR INE T, —HTTA T LRA L ZFERX—=T Ny X OEZINLA—Y
DRI T TEME N ET,

6 _R— DR

A

7 2y
NR—=T Ny H

Y
.

TATLHRALEO

Y

TATEHRA X1 ]

@
ifi

Y |
A%l

> <
> Z 7 #H0

N A

=~ ZE, Tsre/finclude/storage/bufpage.h] NI E{K PageHeaderData TEFR
SNTVET,
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%1 63 PageHeaderData

{

uint16
uint16

uint16

[temldData
} PageHeaderData;

PageXLogRecPtr pd_Isn;

LocationIndex pd_lower;
LocationIndex pd_upper:;

LocationIndex pd_special;

typedef struct PageHeaderData

pd_checksum; /* checksum */

/% XXX LSN is member of *any* block, not only page-organized ones */
/* LSN: next byte after last byte of xlog

* record for last change to this page */

pd_flags; /* flag bits, see below */

pd_pagesize_version;

pd_linp[1]; /* beginning of line pointer array */

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

/* offset to start of special space */

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

# 35 PageHeaderData PN}

B B D5
pd_lsn Log Sequence Number

pd_checksum VAES /AU 9.3 TELH
pd_flags 777

pd_lower N—TUNOZE X FEIR O BRI E

pd_upper R UNDOZE X GO KT E

pd_special R=TUND AN ¢ L AR— ZDFE T Ik

pd_pagesize_version

WU A XL NR—= g U

pd_prune_xid

R=T ETHo b HWHIDEED LTV
W XMAX, fEELRITE e,

pd_linpll

TAT LRA A

3.6.2 27)L

27 (La—R) of&Eix, T#7v~y | INULL Ety b~y 7| [F—%] InbA
RKENTWET, ¥ 7~y XX, lsre/include/access/htup_details.h] TEF I TUVE
To BTNy HSEAD t_heap (. M T Y7 g VEAEOEFRFEE SN E T, NULL

By b~y At bits 7 4 —/V FIZKEH S ET,
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7

#1 64 HeapTupleHeaderData

struct HeapTupleHeaderData
{

union
{
HeapTupleFields t_heap;
DatumTupleFields t_datum;
] t_choice;
[temPointerData t_ctid; /* current TID of this or newer tuple */

/* Fields below here must match MinimalTupleData! */

/% = = 23 bytes - " */

/* MORE DATA FOLLOWS AT END OF STRUCT */

uint16 t_infomask2; /* number of attributes + various flags */
uint16 t_infomask; /* various flag bits, see below */
uint8 t_hoff; /* sizeof header incl. bitmap, padding */

bits8 t_bits[1]; /* bitmap of NULLs — VARIABLE LENGTH */

%1 65 HeapTupleFields (t_heap)

typedef struct HeapTupleFields
{

Transactionld t_xmin; /* inserting xact ID */
Transactionld t_xmax; /* deleting or locking xact ID */
union

{

} t_field3;
} HeapTupleFields;

Commandld t_cid; /* inserting or deleting command ID, or both */
Transactionld t_xvac; /* old-style VACUUM FULL xact ID %/
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# 36 HeapTupleFields NS

B it ik

t_xmin INSERT &7 XID

t_xmax DELETE &#7- XID 1#7% 0/ ROLLBACK %, 53T
t_cid DELETE &f17==2~> K ID

t_xvac VACUUM TE#E SNz —Ta

X 7V t_xmin, t_max 7 « —/b L, EFEF] XMIN, XMAX (25t LETS,
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3.7 PSSO S 321D DEERE

371 FSUYH a3 ID
PostgreSQL CTiX 7o H 7 v a vzt 2L —ER N7 0¥ 7 a v ID BREEIN
* 9 (txid_current A TEE), F TV a IDORE IS ERL 32 8y T
(src/include/c.h TEF), T—TNDETANTEHFREIND & KX TN~y ZIITEHL
TehT o7 a IDBHINET, ZOKERICE YD, MERFOSHIESIELHERT 5
ZEBWTEET,

O r7o¥ 2723 IDOER

TN EOXTVICHIET D N T v a v ID X XMAX, XMIN L5 % fRE 3
% Z & CHERTE 9, XMIN (34 7B &7z (INSERT #7213 UPDATE (2 L %)
7o a s IDERLET XMAX FHIBRES N2 Z VD R F o7 v a2 ID TY,
ZOTDFHI 2 T ND XMAX (X0 12729 £9, FReoflTik C1=300 D% T XMAX 73
FODMTTN, ZNEFEF I rarPhue—n RNy SN2 a2~ LET,

Bl 66 XS ND T U T g ID

postgres=> SELECT XMAX, XMIN, c1 FROM demol :
xmin | xmax | ¢l

507751 | 0 | 100

507752 | 0 | 200

507754 | 0 | 400

507755 | 0 | 500

507756 | 507757 | 300

(5 rows)

O rZ7o¥ 2723 IDOFM

N7 H 72 arIDIEfF57L 32 8y hOREIEF-TEHY, HFNIIHEIINL £,
LNLRKREO N W7 v a b EFATHUATATIES2 By MEEWRIZTAREERS
DET, 207D h T F 7 va 1D B3KE LT RENRAE LW AR E ST
WET, THUTEHMIICE W T o7 2 3 v ID 287 E (FrozenXID=2) |[ZE#T 5
Z&TT,

Z OEHEE T FREEZE ALBE & BEZAL, 1@ 1L VACUUM BN TiThivEd, 7—7

89
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JUZxE L C/3F A —% autovacuum_freeze_max_age - vacuum_freeze_min_age TifH X
OO NT o7 va AT 5L, BE) VACUUM 282N CT 4 VACUUM ALEE )3 78
ALET,

H#Eh VACUUM |35~ v v 7 % Visibility Map &> TR L 325, EFHIniann
ST uy 7TV R T 7 v a L ID S T THRIONRNI LTy £, 2D
728, /3T A —% vacuum_freeze_table_age THEIN b T W7 v a VEMRFEITE
% L. Visibility Map Z#Efl L CE&7 vy /7 B TF v 7 INET,

KT —TNDT7 ) —=AxfG b 773y ID X, pgclass B2 —0
relfrozenxid I CEZRINTCWET, ZOFNIT—T LIND X 7LD XMIN Of/IMETT

(FrozenXID %Z[&< ), F7- pg_class £ = —® relfrozenxid D/ M7 pg_database B =
—® datfrozenxid ¥ CHER TE £7°,

(0 HBHBE) VACUUM ALFNEL LT-HE
ORI T FREEZE BN T e o> T84, hF o ¥ 27> 3 ID OJEEE T
121,000 &5 L TDOA =R ENET,

WARNING: database "7 — ¥ ~X— 24" must be vacuumed within %% ¥ #% transactions
HINT: To avoid a database shutdown, execute a database-wide VACUUM in "5 — & X
\_47\% n'

FIZ100 T b oY rvarE s s, FounZRnHhEn, AT AIEIELET,

ERROR: database is not accepting commands to avoid wraparound data loss in
database "7 — & N— A 4"

HINT: Stop the postmaster and use a standalone backend to VACUUM in "7 — % ~X—
XZ[ n.

ZOXRD IR oI T —F RN—=RIAF o Ry - & — R CEE L, VACUUM 4
BAITWET, TRl Tld postgres 7 — % X — R (Z%f LT VACUUM LB A 17 L T\
EJraN
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7

Bl 67 AZ K7y« F—Rizk3iEE L VACUUM

$ postgres —single -D data postgres

PostgreSQL stand-alone backend 9. 4betal
backend> VAGUUM
backend>

3.7.2 FREEZE \IB[ZR8F H/\T A —4
K72 a > ID @ FREEZE B{EICEET 535 A —Z (ZLL T 0@y T,

| autovacuum_freeze_max_age
N7 W7 v a o ID OJEE A< 72912 pg_class.relfrozenxid 7383 T & 5 i KOE
(age) ZHEEL E£7., HE) VACUUM N EZOHETH, VACUUM V—H— -« FrE X
DB L E3, T 740 MEE 2 & (200,000,000) T, H/MEE 1{E (100,000,000) .
I KAEIE 20 f& (2,000,000,000) T,

[J vacuum_freeze _min_age

VACUUM N7 —T7 NV AFxx VIRFIZ T Y2723 ID % FrozenXID |[Z@E X #ix 57
v FATEREEELET, 7740 MEE 5,000 5 (50,000,000) TY, fEHIE 0 5
autovacuum_freeze_max_age D 50% £ TOELZIEETE £7,

[J vacuum_freeze_table_age

T —7 )LD pg_class.relfrozenxid 7% Z OETHE L72FificB#3 25 &, VACUUM X
T—TIWVEROEEEZITVET, #F D VACUUM X Visibility Map 7>6 H_X— DO F H
ERBLETDH, ZOHEHEWRT U7 v a v ID ZFFOX AR ATE W Bnn H
DET, ZDONRT A =X DORIZEET 5 & VACUUM L# T Visibility Map % 4L L T,
T nEREAXYLET, 7740 MAZ 15 (150,000,000) TI, fEIL 021D
10 f& (1,000,000,000) F7-i% autovacuum_freeze_max_age ? 95%F CTOH & FEE TX
£
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3.8 Oo—/LIEE

38,1 A —)ILOEELETVaA—T1 T
T 7 4V hoar— L& EF initdb 2~ KdD--locale /X7 A — % TIE L £, --locale
NIRA—=RZx v a—T 4 VI HIEETDHE, T 74NV DT a—F o 72 7,

Bl 68 ur—nlLCulr—Ngira—5F 4 FEEE

$ export LANG=C
$ initdb ——locale=ja_dJP. 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 configuration for locale ”ja_JP.utf8”
The default text search configuration will be set to “simple”.

KA EHBE>

2 — BBy — VA DOREE LG EIE, v — DT 74/ ks = a— KR
BEEnNEFT . vr— b L TjaJPaRET DL a— e LTCHAGE EUC(EUC_JP)
NHEEENET,

Bl 69 mr—nt L Tulr—LZOREE

$ 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 will 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”.

KLUTERR
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arr—nLEFHET, o a—FT 0 T OREE LSS, pg_database B o — D
encoding FIFH5E S E T A, v — LS (dateollate 55) 121X [Cy A SN ET,

Bl 70 e r—AEFERET, mva—T 2V TOREE

$ 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”
KLATEBRD

postgres=> SELECT datname, pg_encoding_to_char (encoding), datcollate FROM
pg_database ;

datname | pg_encoding to_char | datcollate

templatel | UTF8 | C
template0 | UTF8
postgres | UTF8

(3 rows)

3.82LIKE &K BM VTV ADEHR
0 — VNN T — 2 _X—ATlE, LIKE Al X D17~ THESH DA T v 7 A
PMMERA IV ENWIHEERNH Y £,
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7

% 71 locale f# KD LIKE 5%

postgres=> CREATE TABLE localel(c1 varchar (10), c2 varchar (10)) ;
CREATE TABLE

postgres=> CREATE INDEX idx1_localel ON localel (c1) ;

CREATE INDEX

postgres=> INSERT INTO localel VALUES (' ABC’, 'DEF’') ;

INSERT 0 1

postgres=> ANALYZE localel ;

ANALYZE

postgres=> EXPLAIN SELECT C1 FROM localel WHERE G1 LIKE 'A%’
QUERY PLAN

Seq Scan on localel (cost=0.00..1790.01 rows=10 width=b)
Filter: ((c1)::text ™~ 'A% ::text)
Planning time: 1.742 ms

(3 rows)

FATEIEDY Seq Scan £ 720 | BHFMRBENMITONTWAS Z ENERTEET, 20X H7%

FREZWET H7-0121L, CREATE INDEX SCEATRFICA Y v a U2 EL, N T UICX
AT I ARFEITI XOITHELE T,
CREATE INDEX XA 7> a U HRE

CREATE INDEX 4 > T w49 X% ON T—JIL& (Bl& AT av)
IDOT =2 U TCUTOA T v a VB RETDH I ENTEET,
£ 3T NATFIVHBA S av
T—HB | FTar e
varchar varchar_pattern_ops
char bpchar_pattern_ops
text text_pattern_ops
name name_pattern_ops

94
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#l 72 F 7 a HEERO LIKE # &

postgres=> CREATE INDEX idx2_localel ON localel(c2 varchar_pattern_ops) ;
CREATE INDEX

postgres=> ¥d localel

Table “public. localel”

Column | Type | Modifiers
cl | character varying(10) |

c2 | character varying(10) |

Indexes:

“idx1_localel” btree (cl1)

“idx2_localel” btree (c2 varchar_pattern_ops)

postgres=> EXPLAIN SELECT C2 FROM localel WHERE G2 LIKE 'A%’
QUERY PLAN

Index Only Scan using idx2 localel on localel (cost=0.42..8. 44 rows=10 width=5)
Index Cond: ((c2 ™>=" "A"::text) AND (c2 <" 'B’ ::text))
Filter: ((c2)::text ™7 "A% ::text)

Planning time: 0.541 ms

(4 rows)

3.83 <>EEFICLDM VT VI ADEH

LIKE {57 Ci3A 7Y a AARERBET LI, KN EHET 5FE T (<) [>) %45
ELTA T v 7 A& LTSRS, Ao 7Y a VERET L2 ENTEEY
/1/0
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7

Bl 78 A7 a VHERERO K/NEBRR

postgres=> ¥d localel

Table “public. localel”

Column | Type | Modifiers
cl | character varying(10) |

c2 | character varying(10) |

Indexes:

“idx1_localel” btree (cl1)

“idx2_localel” btree (c2 varchar_pattern_ops)

postgres=> EXPLAIN SELECT ¢1 FROM localel WHERE c1 < ' 10’
QUERY PLAN

Index Only Scan using idx1 localel on localel (cost=0.42..334.75 rows=306
width=5)
Index Cond: (c1 < "10" ::text)
Planning time: 0.210 ms

(3 rows)
postgres=> EXPLAIN SELECT c¢2 FROM localel WHERE ¢2 < ' 10’
QUERY PLAN

Seq Scan on localel (cost=0.00..1790.01 rows=10 width=b)
Filter: ((c2)::text < '10" ::text)
Planning time: 0.140 ms

(3 rows)
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384 A7—ILBE&LVII—FDIEE

ahr— BTy a— ROBEITT —FX—R « 77 AXERREIEIT TR, T—X
N2 ERRICBIEET HZ M TEET, BAdnr—L /= a— NEEETL5E
WZiX, 77 b— bk & LT template0 #f5E L., ENCODING 4] LC_COLLATE Ajk L O
LC_CTYPE M) Z 45/ E T 2 LE N &V £,

Bl 74 v —ABLOTa— FOEE
postgres=ft CREATE DATABASE eucdbl WITH TEMPLATE=templateO ENCODING="EUC_JP’
LC_COLLATE="C’ LC_CTYPE ='C’
CREATE DATABASE
postgres=t ¥l

List of databases

Name | Owner | Encoding | Collate | Ctype |  Access privileges
eucdb1 | postgres | EUC_.JP | C | € |
postgres | postgres | UTF8 | ja_JP.utf8 | ja_JP.utf8 |
demodb | demo | UTF8 | ja_JP.utf8 | ja_JP.utf8 |
template0 | postgres | UTF8 | ja_JP.utf8 | ja_JP.utf8 | =c/postgres +

| | | | | postgres=CTc/postgres
templatel | postgres | UTF8 | ja_JP.utf8 | ja_JP.utf8 | =c/postgres +
| | | | | postgres=CTc/postgres

(5 rows)
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3.9 FrwoHAh

PostgreSQL 9.3 b7 vy 7 « F = v 7 AOEN MDY £ L, 7ry Z7HIc, &
BRI TF = 7Y LT E S, SEARABRRHC T = > 7 BTOIVET,

3.9.1 Fxv Y LDIEE

F x v 7Y AR AEE 1T L STV ET AN, initdb =2 RIZ-k6F 72 g v %
HBETAZLTCTF 2w I VL EAMULTET —HFR_N—R « VT AXEERTHZ ENTE
ij‘o

Bl 75 Fxv IV LDELL

$ initdb -k datak
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 “en_US. UTF-8".

The default database encoding has accordingly been set to “UTF8”.

The default text search configuration will be set to “english”.

Data page checksums are enabled. — FzyvIHLOEE

K LUTHEE >

3.9.2 Fx v Y LDIGRR

Ty 7P HFN—=TV A~y ZNO pd_lsn 7 —/L ROHAIZ 16 £ Mgk E L TR
ENFET, ZOEFTL PostgreSQL 9.2 £ TIEX A L7 A2 1D (pd_tli) 23T
7T, Ty 7P LEBMLTHENy X « A ZTEML T WnWed, A=Y
L TH /0 BN HY FHA, T= v 7 P LAOHEST = v 7 DDO
CPU U YV —R I 5 & FRINET, X—TU~y X DOHEER (PageHeaderData) 13,
src/include/storage/bufpage.h TEFRI N TV E T,

6 ¥ 7-1%--data-checksums 47 3

98
© 2013-2014 Hewlett-Packard Development Company, LP.




7

Bl 76 R—I~vF

typedef struct PageHeaderData
{

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

PageXLogRecPtr pd_Isn; /* LSN: next byte after last byte of xlog
* record for last change to this page */
uint16 pd_checksum; /* checksum */
uint16 pd_flags; /* 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 space */
uint16 pd_pagesize_version;

Transactionld pd_prune_xid; /* oldest prunable XID, or zero if none */
ItemIdData pd_linp[1]; /* beginning of line pointer array */
} PageHeaderData;

393 Fxw Y HYL-IT5—

O F= v 7% LMD

Fx v 7 AOMERITT 7 A A HNA— DB BTbhET, Fxv 2/ HLOR
ERBHMENS EUTFOT T —RNRELET,

Bl 77T Fxy 7P ARETT—

WARNING: page verification failed, calculated checksum 2773 but expected 29162
ERROR: invalid page in block 0 of relation base/12896/16385

Fxy Y b T =NRAELLT—70Tx LTE, £ D%IE DML OFATIE ~CIA
Cxo—0AELET,

O JF=v7HLa08EM
/37 A —% ignore_checksum_failure # on IZHETH &, F= v/ ADOxTT— 2R
LEd (F74/L M off),
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3.94 FrIv I LOFRER

T—HNRN—R « JTREDOF = 7Y LEEEMERT H7-DIZIL, pg_controldata = —
T4 VT 4 DETHERFEIL, T A—% data_checksums ZHERLET, /NT A —H
data_checksums | PostgreSQL 9.3.4 O FH CTE £97,

Bl 78 F = v 7V AOHER

$ pg_controldata ${PGDATA} | grep checksum

Data page checksum version: 1 — FvIHYLEH
$

$ psal

postgres=# SHOW data_checksums ;

data_checksums

on — FIVvIYLEHD
(1 row)
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3.10 A Zr71/L

PostgreSQL B 195680 77 7 A MIZOW T L TWET,

3.10.1 BT 774 I DHA
PostgreSQL W13 2580 77 7 A WMZIFA L AZ U ARBHPOT 77 4 ©F 4 &)
Torur b, pgetla~vr KHOBZR"HY £,

O &y s

A VAB U ABBTFR O v 7 O I1EIE /8T A —# log_destination (7 7 # /L M stderr)
TREINET, ZONRTA—F D% syslog I ET H & SYSLOG ([ZHEES N E T

(Windows B&5% Tl eventlog (Z87E) .

/NT A —% log_destination % stderr £721% csv IZFXE L, /37 A —# logging_collector
Non (F74/NKoff) IZHRETDHE, B/ 277 A NMCHNTHIENTEET,

# 38 vl T7rANDOHAE (/37 A—% log_destination)

INT A—HAE | A 54

stderr T T — )

csvlog CSVZrA logging_collector=on W78
syslog SYSLOG #z5i%

eventlog Windows A~ MRE Windows Ba1E D b5 E Al HE

[ 60/ P C =27

pg ctl A~ ROFETHERZ 0 77 7 A WIZH T 256131 72 arTT7 7 A V4
ERELET, HENBENGAIIEEL ICH I INET, 147 v a lEESh e
T ANDMER TE RS, A U AX L ADERE) (start) (F=T7—2ny, KETx %
Hh, £ AZ L ZADEI (stop) IZIEFITITOILET,

AA T a NIBFEO T 7 A NAERE LTS GITERR SN E T,

O v27 77 A N0k

v 77 7 A )WiL fopen BAECTA—7" 0 DMTHiL, fwrite B CEZIALNTOIL TV E
T, BEIARMIC fflush BEIZEITEN T ARNWED, A ML=V - LT U Fr—a %
AT 2581003, e 7R —HEFZRAENTORWATREERH Y £7,
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3.10.2 AT 2774 ILA
0777 ANKERETDHEBICOWVTHIAL TWET,

O NI A—HEE
0 g7y ANDOHITEE T 7 A NI FO/NRT A= TIRESNET,

£ 39 vl I7rANLDRE

INT A—H G 77 4V MAE

log_directory | @ 7t /17 4+ L2 R pg_log

log filename | B2 7 7 A V4 postgresql-%Y-%m-%d_%H%M%S.log
log file_mode | B 7 7 7 A VDT 7 & A% | 0600

/NT A —% log_directory (It S A E /2T —HFRX—R « 7 T AL NEOFEX N A & ED
WCEET, FEELLET 4 L7 M UDRBGFELRWGEIZIEA VA X o AREIREC B #HIC
B ENET, T4 L7 P UDMERTERWEGEEA Y AZ  ARE NPT T =220 £,
TRLE/RT A —% log_directory |2 [fvar] ZI8E LTcHE DA VA X L AREI=F — T,

Bl 79 T4 v7 bUERRT T —

$ pg_ctl -D data start
server starting
FATAL: could not open log file “/var/postgresql-2014-06-10_134931. log”:

Permission denied

/NT A —% log filename (Z%A ZEHDHE T T AKX Dar— )UK GE T HGEORE H 4
BTSN ET,

0 CSVZ7ZrAn
/3T A —2% log_destination (Z csvlog ZHEET DL . v 7 T 7 A NVDHITEXE T~ ()
XD CSVIZT LT ENnTEET,
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7

%1 80 CSV 7 7 A )V

2014-06-10 14:17:04.415 JST,,, 8226, , 539694d0. 2022, 1, , 2014-06-10  14:17:04

JST, , 0, LOG, 00000, “autovacuum launcher started”,,,,,,,,. i
2014-06-10 14:17:04.415 JST, ,, 8220, , 539694d0. 201c, 2, , 2014-06-10 14:17:04
JST, , 0, LOG, 00000, “database system is ready to accept connections”,,,,,,,,, “

/NT A —% log_filename (ZFEE SNV ILE 723 Jog DA, JLIE D .csv ICEHE I LT
077y AVHPMERSNET, Filog DILIETZFRDOT 7 A /L [FAIRFICVERR S 4V E 73,
NEIF—E721F T,

O SYSLOG /)
/NF A —2% log_destination |Z syslog Z 8 E T 5 & B — /LKA N® syslog (27 — ¥ W35

EENET, ZELEITO LV a— ARSIz 77 7 A VbR ES L E T,

% 81 SYSLOG icEsE S 7= 15 #

Jun 11 13:40:24 rel64-1 postgres[7054]: [3-1] LOG: database system was shut down
at 2014-06-11 13:40:09 JST

Jun 11 13:40:24 rel64-1 postgres[7051]: [3-1] LOG: database system is ready to
accept connections

Jun 11 13:40:24 rel64-1 postgres[7058]: [3-1] LOG: autovacuum launcher started

# 40 SYSLOG HAIZBfRT /37 A —&

INTGA—H Bl 77 )V MA
log_destination | syslog (ZE%ET 5 Z & T SYSLOG #5620t | stderr
syslog_facility SYSLOG 7 7> U T 4 LOCALO
syslog_ident o ENDT T r—v a4 postgres

SYSLOG (21 &7z v 7\Z13/3F A —# syslog_ident THE SN2 4BIDKZRIZR 7 %
HALzF ok 2o7Fav 2 ID BTSN ET,

3.103 A—F—< 3>

logger 7’1 R |ZUSR1 v/ FNakETotunrsron—7—a U PMibhvES, -
2L, /37 A —% log_filename ([ZHRFZIHEMMAE ENRWVIGEE FHLO 7 7 A VDMERT
EhWgar—7 —va VIITbVER A,
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3.10.4 A ORAE

BRERE O v I n 7O N T TV — 23§ LFFRH ) S, Z0®%ICe 7R

BN SINET, BT AV —RENDLFHINILL T D@ TY,

£ 41 =5— -urOhFIY — LEHEYE

pe2l N

DEBUG: BRERA vE—Y

INFO: a—P—C Ko THI RS NZFEMIER (VACUUM VERBOSE %)
NOTICE: RWVEGF OO0 #TE, o— P —1TkF 2 #BE &
WARNING: | 7> %273 a3 40 COMMIT 174, 22— —~DiEik
ERROR: avy ROFETT T —5%

LOG: F vV HRA L FOFEBE, FHRENA v E—T

FATAL: Ty a O TEMNEI T

PANIC: AVAB U ADELREE Yy v a VO T EE) =T —%

277 RHAD A vt—, FEARIZITH ) S,

BHERE O 7120, v 7 HARL, 22— —4% T RXR=ZALEDEHERNFE -7-<
HhE&hEHhA, ZOEOEREIHERATHICIEATS T, e ZicZnbolERaiseEd

H1OIZIF/XT A—H log_line_prefix Zf5E LET, LFTOXTFERHETEET,
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# 42 /T A —4# log_line_prefix IZHHE TE 35 XF

pe W

%a T r—3 a4 (set application_name TiXiE)

%u Pefe o — Y —4

%d Pelgi 7T — 4 X— 24

%r UE—h « KRR MM ER— NES (7—I 8k locall)
%h UE—h +RA M

%p A= S

%t RUBERWZZ A LAZ T

%m RUBIABDE A LAS T

%1 a2 N4 (INSERT, SELECT %)

%e SQLSTATE =5 —=— |

%c v aID

%1 tyvary s I VEKE

%s o va VBAAAREZ

%v T NV A A I 1))

%x N7 a 1D

%q FtvvarFutATIEIOT A —F UKD ) &5 1k

%%

% LT

3.10.5 A HxT>a— K

0y 7y ANMIHNENDLFOXLFa—RE, 7747 Milox= a2 — RITKFE
T HERET A N— 2D a— R TCREINET, 20D, BT a— NEF
OEBDOT —H _X— 2 BB LT RE TIE, SQL SUTHRESNZY 77 10X Fa— KR
EFHLELICRVET, KOKTIET L a— R UTF8 7 —4%X—2 L HAGE EUC OFT —
HZ_R—=2|Z% LT SQL XEFITLTWET, /37 A—% CLIENT_ENCODING (% SJIS
72D T, SQL 3L Shift_JIS THE SN FET, /3T A —H log_statement % all IZfFE L T

WhHT=ZD, FATE N7 SQL X3 e FICisk S E T,
FFITHAFE EUC IZEB SN TR 7 7 A VONECIRIET A Z L1220 £,
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B7aers77AA0XFa—F

client_encoding="SJIS

WHERE c1="{#5"'

4

N\

WHERE c1="{%5"'

A > AK A (log_statement=all)

nJ 7y A

> UTF8 ®nr 7/

> HA&FE EUC @
=874

4
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7

4, EEX I

4.1 1 2REXEGHFID Z 7 1 /LA
4.1.1 pg_control HIf&
A VAL ARENIREIZ pg_control 7 7 A WHFIE LIRWIGEITIEA v AKX o A% EE T

T EHEA,

%l 82 4V RE LV AEEBKROZT— 1l

postgres: could not find the database system
Expected to find it in the directory “/opt/PostgreSQL/9.4/data”,
but could not open file “/opt/PostgreSQL/9. 4/data/global/pg_control”: No such

file or directory

pg_control 7 7 A /W& U I NUFTH DI, Ny 7T v 7B pg control 7 7 A V&
JA K7 L.pg resetxlog 2~ NiZ-x A7 a2 ELTCWAL 7 7 A VEBEERL F
o AV AZAPRRFERKT LTOWIZEBRIFA ATV a VB RFICIEE L £,

pg_control 7 7 A V& U A NT 2T 1256134 VA ADEENI T /A,

Bl 83 VA NTOHREFTLERBEDA LV AF VA BET T —

LOG: database system was shut down at 2014-06-09 14:31:28 JST

LOG: invalid primary checkpoint record

LOG: invalid secondary checkpoint record

PANIC: could not locate a valid checkpoint record

LOG: startup process (PID 7707) was terminated by signal 6: Aborted

LOG: aborting startup due to startup process failure

XA T a IHRETD T Y7 v a2 ID L, pg_resetxlog 2~ RO~ =2 T V&S
FRLTLESN,

4.1.2 WAL HIB&

WAL 7 7 A /ViREIBR SUTIRBETIZ A v A X AT BN TE £ A, pg_resetxlog 2~
Y REFATUT WAL 7 7 A VEBIERLET, A v AZ VARBRERK T LI EHROSEIC
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I%., pg_resetxlog 2~ NIZ-L A7 a »&2EE LT, MEIRIZ WAL 7 7 A VEERC L £
ER

B 84 A4 L REZ L ADEB) KT S
LOG: could not open file “pg_x1o0g/000000010000000000000002” (log file 0, segment

2) . No such file or directory

LOG: invalid primary checkpoint record

LOG: could not open file “pg_x1o0g/000000010000000000000002” (log file 0, segment
2) - No such file or directory

LOG: invalid secondary checkpoint record

PANIC: could not locate a valid checkpoint record

LOG: startup process (PID 27972) was terminated by signal 6: Aborted

LOG: aborting startup due to startup process failure

413 T—RI7F7AIVHEHBEBOEE (EELTH)
A LAB L AEFRETH, REIA VAR ANRETHETICT— IV E2HERT LT —
277 ANHHIBR SN E OEEEZREEL £ LT,

M 8 T—%7 7 A NVIHEDEE

table

pg_ctl stop rm file pg_ctl start

SELECT

o FHTHER
AU AL  RFIEFCEE LE L=, HikkEhiz7—7 1z SELECT XTT 7 & A
T25Lx7— (ERRORZTFY) BRELE LT, AV AX ATy v a VITEE
BT D EH A,
o 1y
A VAL ARBIFIC 1 V1T S EE A, SELECT LHEATHHTIZLA TR 22
HAshE L7,
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* 43 BFERFOu S

LOG: database system is ready to accept connections
ERROR: could not open file “base/16385/16392”: No such file or directory
STATEMENT: SELECT COUNT () FROM backupt;

414 T—HR - ITF7AIHEHBBOBE (V5v a1l / ETELGZL)

AVAB U ABETIC T vy 2 LESAEOMEC OV THRIELE Lz, RiEOF = v
JRA Y EDOERNENT —T VDT —X 7 7 A VPHEE LI HAOBEIC 0 97,
CHUTERH L TCWDT —HR_N—R e = N—=ROS N=w 72XV ERFEKT L, fsck a2~
RIZED 77 ANDHIBRESNTEZ EZBELTHVET,

9 F—HT7 7 A VHEEOEE

table

kill -9 rm file pg_Ctl start

SELECT

o RATHIR

A AL ATIEFICBEB L E L, Hifksh/z7 —7 /12 SELECT X TT7 7 k& X
T5LxT— (ERROR# 7 FV) BRELE L, AV AF ATy v a UTIETR
BIIHY EEA,

° E:’y‘\

A VAR ARBIFIZ Ty a s VRN M Tbhbhlae 7 BZHhInEzd,
SELECT XFATRHZIZLL Fou ZBH D SihvE L,
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® 44 EERFORS

LOG: database system was interrupted; last known up at 2014-07-01 19:26:19
JST

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

progress

LOG: redo starts at 0/170AC508

LOG: record with zero length at 0/1766E888

LOG: redo done at 0/1766E858

LOG: last completed transaction was at log time 2014-07-01 19:26:23. 657567+09
LOG: autovacuum launcher started

LOG: database system is ready to accept connections

=& 45 WFERFFOT S

LOG: database system is ready to accept connections
ERROR: could not open file “base/16385/16392”: No such file or directory
STATEMENT: SELECT COUNT (*) FROM backupl ;

415 T—RI77AIERBOEME (Vv a1l "TEHY)

AVAZ AN Ty a LT A OEEIZOWTHGEEL £ Lz, AiElIOTF = »
JRA Y FUBIZER S, WAL IZ N T o7 v a UAERBsR ST — 7 0T —X4
T 7 ANPHER LIS OEEICRY £7, ZAUTEH L TWDE T —Z =R « Hh—/3—
DOSN=w 72D BEEKT Lifsck a~ 2 RICE W 77 A ARHIBRENT-Z L2 BEL
TVWET,

M 10 T—% 7 7 A VIBEDOBIE

table

kill -9 rm file  pg ctl start

UPDATE SELECT
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o EATHER
AVAB L AFEFICEBLE Lz, HifkE7z7 —7 /12 SELECT X TT 7 kA
THELT—IIRAELEFHEATLE, 2L, BT oy 7 OFE#RSNIHRLL
TWVET, AV AF ARy Vv a VIR ETH Y TH A,

=74
AVABABBFICY Ty v a s YN P Tonce 7R EhET, Ll
TN RBPLEZZ EICKT A2 73N EREFATLE,

* 46 EBERFOR S

LOG: database system was interrupted; last known up at 2014-07-01 19:37:33
JST

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

LOG: redo starts at 0/180000EOQ

LOG: record with zero length at 0/18008190

LOG: redo done at 0/18008160

LOG: last completed transaction was at log time 2014-07-01 19:38:05. 152216+09
LOG: autovacuum launcher started

LOG: database system is ready to accept connections

41.6 TOOHRDIFAI

0O VM/FSM 7 7 A /VHIEREF OEE
VM 7 7 A v, FSM 7 7 A VIFHIBR SN TH =7 —I3HAEET, IR T—7 Mk 2
SQL LHMHILET, ZNbD 7 7 A LiTkEIO VACUUM RRZIEHERR S vk 4,

[ pg_filenode.map 7 7 A /VHIBREEOEhE
pg_filenode.map 7 7 A A DBHIRSND & ATV 2T " EFEBEDT 7 A VDFFETE

72 72572 SQL XDOFEATN= T —|272 0 7,

% 85 pg_filenode.map HIfREFD 1 7

psal: FATAL: could not open relation mapping file “base/16385/pg_filenode. map”:

No such file or directory
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7

[0 PG_VERSION 7 7 1 /LHIB&E: O ) E
PG_VERSION 7 7 A A3 HIREND E T 4 L7 b U DS PostgreSQL A TH D Z & 23R
BMTE R FET,

%] 86 PG_VERSION HirEFD 1 7

FATAL:
DETAIL:

“base/16385” is not a valid data directory
File “base/16385/PG_VERSION” is missing.

© 2013-2014 Hewlett-Packard Development Company, LP.
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42 A2 RRRF@BD T 71 /LEIR
A ARB U APRBEERIZ T 7 A VR RIE LT GAEOEMEERIEL £ L=,

4.2.1 pg_control Hif
A VAL AFE TN pg_control (27 7 ATE WAL PANIC BAREAL TA v A
HUADMEIE LET, BEET = v 7 KA > FRERNI T ET,

B 87 F = v 7 RA v FRARED PANIC u &/

PANIC: could not open control file “global/pg_control”: Permission denied
LOG: checkpointer process (PID 3806) was terminated by signal 6: Aborted
LOG: terminating any other active server processes

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

HINT: 1In a moment you should be able to reconnect to the database and repeat your

command.

422 WALEE

O A RAZ 2 28I WAL OHIBR  (FFER TEE

WAL 7 7 A ADSHIBR SN2 L 2T 2 &, BBMICEERSNE T, 1 AX R
FENREET WAL 7 7 A L &2 HIBR L CHEEL £ L7-,

O A AZ 2 ABE T WAL OHIBR (FFERCR Al HE

WAL 7 7 A VSHIBR SN2 Z L 2 E L, FERRCCE RN L2305 & PANIC 235
ELTA L AZ U AMEIELET, WAL 77 A LV ZHIBRL, pg xlog 7 4 L7 MY &#FEX
IABEEIRRRRIZERE L CTHGE L £ L72,
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7

%) 88 4 R EZ L ADEBNRIEI D WAL 77 B A RO R J

PANIC:  could not open file “pg_xlog/000000010000000000000017”: Permission
denied

STATEMENT: SELECT pg_switch_xlog()

LOG: server process (PID 8542) was terminated by signal 6: Aborted

DETAIL: Failed process was running: SELECT pg switch_xlog() ;

LOG: terminating any other active server processes

PANIC:  could not open file “pg_xlog/000000010000000000000017”: Permission
denied

PANIC:  could not open file “pg_xlog/000000010000000000000017”: Permission
denied

The connection to the server was lost. Attempting reset: WARNING: terminating
connection because of crash of another server process

DETAIL: The postmaster has commanded this server process to rol | 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

FATAL: the database system is in recovery mode

LOG: database system was interrupted; last known up at 2014-06-09 15:25:53 JST
LOG: creating missing WAL directory “pg_xlog/archive_status”

Failed.

1> FATAL: could not create missing directory “pg_xlog/archive status”:
Permission denied

LOG: startup process (PID 8547) exited with exit code 1

LOG: aborting startup due to startup process failure
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43 O EE

postmaster IS DNy 7 = K- Tt ANEEK T LA 1213, postmaster 7' 1t
ANRBE L THERZITOET, W oD F ot ANRBHCHEET55ANH 0 £7,
74T 2 REDSQL L & ALEEd 5 postgres 7 b A XA FE K T LRIFFZ Y T4 T b
Loty varyNUiEnb=H, HEENIITONEE A,

£ 47T o RAREKTROHE

=S ik

postmaster’ A VAP ABRNEER T, AEATY —FHIBRS N EE A,

logger postmaster (2 LV FREI SV E T,

writer postmaster (Z X ¥ wal writer, autovacuum launcher % [l Z 5 ELH)
INET,

wal writer postmaster |2 K ¥ writer, autovacuum launcher % [FFFIZ FEE) S 70
S

autovacuum postmaster |2 L Y writer, wal writer & [RIRFICFRHECE) SV E T,

launcher

stats collector

postmaster (Z XV FHEE S VET,

archiver postmaster (Z XV FHEE S VET,

checkpointer | postmaster (2 &Y FEE S E T,

postgres FEE)NII TN EE A,

wal sender postmaster ([Z XV FEEFIINET, AL—T « £ L AFX LU ZAD wal

receiver 7' 1 A L EEEI S NVE T,

wal receiver

postmaster ([Z XV FEEFIINET, YAF— A L AX LU ZAD wal
sender 7ot AL HEEIINET,

startup

process

AL —T o f VAE U AREKPKT LET,

7 postmaster (Z%f L C KILL 7 /L& 55 L CHEHIE T L7254,

HHEAEY BT

FRHEIFRESNER A,
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4.4 FOMDEE

4.4.1 75991Uﬁﬁu
AVABAPNERFEET LIZGE, Ty 7 ARA Y EDRET LT RWeDFIT LI HE
ﬁk7/%&ya/®%ﬁime@ﬁ FEIRAENTWET, A A Z U AEEIFFIZ
T =277 ANE WAL OREEZHHES D7 T v a - U ] BEA B EIRL Jﬂoz%i
ER
7T vva s UBANU L pg control 7 7 A NVOFIIAIRINBIZUED FF, A AKX
ADAT—H A DB_SHUTDOWNED (1) O4, A v AX V ATEFICK T LTS
2O 7 ya s VAN TN EYA, TNUNDAT —F ZAOEE, AV AX A
BT LI elchdlzd s Ty« U 2N RRLEIZRY 7,
PUFICH 2 BISR L E T
O Fzyv IRy FNONEEZMHER, Ty VAR bETOWALIZT —% 7 714V
WCEXZENTEZEPREINTWDTED, VIR DOMLERHY XA,
© WAL 2HHIEIOF = v 7 RA v MMEIZHAE LT T BT v a ERE FAIAS
@ F=vIHRAY NMEDERYIOEFHTIET 1 v 7 2K WAL ICEZAENTWDHT-
O, Ty 7wl Ny (23T A—% full_page_writes)
@ WALEHRNSLHEH b7 %7 v a v OlEHR %
® F&HO WAL ETEH T Y7 o a v aHmIAT

442 A4 - NYITVTHRDA UV RE VARERT
PostgreSQL DA > F A >« Ny 77 v XU TFTOFIATHEmEL 7,

1. AV REZARET —=AAT 0l « E— NTEH)

2. pg_start_backup BI%k D FLT

8. T—HR—=RA I TAIDT 7 A VA~ (08 A~y RILkD)

4. pg_stop_backup %k FELT
FREFMED O B, 3 DEATHIIA VAL U APERFEET Licha OEELMEEL £ Lz, 1%
113 postmaster (Zxf LT KILL > 27 V2 %ET 52 & TITWE LT,
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7

Bl 89 AL TFAY - NI T vTHDOA L RAE LV RAEEKT
postgres=# SELECT pg_start_backup (' label’)
pg_start_backup

0/5000020

(1 row)

$ ps —ef | grep postgres

postgres 6016 1 0 12:46 pts/1 00:00:00
/opt/PostgreSQAL/9.4/bin/postgres

$ kill —KILL 6016

$ pg_ctl -D data start

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

server starting

postgres=tt SELECT pg_stop_backup() ;
ERROR: a backup is not in progress

postmaster.pid 7 7 A ADHIFR STV W s, BENH SN TWETR, FHiH)
IZIEFIZATOIVE LTz, £72 pg_stop_backup Bk EIT LI Z ANy 7T v FH T
WENI T —=RRSTND MDAy I T v 7« F— FEA VAZ L ADHEIL
STIZIVTEINDZERDLNY ET,

443 T—h4A TREDKXK
WAL 7 7 A W RFERIZEZIAEND &, /3T A—% archive_command [ZfRE Iz =
~ ¥ K system B % (Linux / Windows 3t ) % fif » T3 {7 & £ T
(sre/backend/postmaster/pgarch.c N® pgarch_archiveXlog BE%%) .

O 7—0A 7RO FFELT
system BA%8 O IANADIEZ KT &, 7 —h A ZTWBER R LT- & A7 &, 3EIY N
A%FATLET, 3EDY M T A T XTRKT D L HEKRT 60 KL ET,
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7

X 11 77— A 7REDEET

R 60 FOF3H
[P £ SR

$

_
1 b
N[ .

= FNEHE

T — 0 A THERD IR A5 L 1L, pg_stat_archiver Y o — TR T HZ N TE 4
(PostgreSQL 9.4 7> 5),

O 7—hA4 70K a s

T—=HA TN TDE, eI ET, FiRoflix, X7 A —%
archive_command I lcp %p /arch/%f] Z$REL, 7T—hA 77 WMh7T 4+ v 7 M VICE
ZIABMERPENGHEDOT T —TT, cp AV RRAT—=F X1 TETLTWET,

3[E LOG L VDT —hfi X | itk WARNING L~ L= 7 —n3 T
R
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7

Bl 90 T—hA TREREEDa S

LOG:
DETAIL:

LOG:
DETAIL:

LOG:
DETAIL:

WARNING:

archive command failed with exit code 1

The failed archive command was: cp pg_xlog/000000010000000000000070
/arch/000000010000000000000070
cp: accessing " /arch/000000010000000000000070" : Permission denied

archive command failed with exit code 1

The failed archive command was: cp pg_xlog/000000010000000000000070
/arch/000000010000000000000070
cp: accessing " /arch/000000010000000000000070" : Permission denied

archive command failed with exit code 1

The failed archive command was: cp pg_xlog/000000010000000000000070
/arch/000000010000000000000070
archiving transaction log file “000000010000000000000070” failed too

many times, will try again later

cp: accessing " /arch/000000010000000000000070" : Permission denied

T—AA TR EN DT — Ay =PI FO®@Y TT,

48 T—h A THEKE e S

L~y Ao—v A

WARNING | archive_mode enabled, yet | 7—Hh AT al « B— RENR, /XT A
archive_command is not set —# archive_command 23 K% E

WARNING | archiving transaction log file |3 [BIDO YU KT A4 BT _XCTRK LT
¥"%s¥" failed too many times, will | ¥, —FFJIZFHET D
try again later

FATAL | archive command failed with exit | 77— A 7 « o~ RRRKAT—H

LOG code %d ATHET

FATAL archive command was terminated | 77— A 7 + a2~ RPN E 21T T
by exception K (Windows)

FATAL archive command was terminated | 77— A 7 + a2~ KA E521F T
by signal %d B (Windows LAZ4)

FATAL | archive command exited with | 7 —h0 A7 « a~ RARHLT T —

LOG unrecognized status %d THT
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7

T T — - LoULDER (FATAL £7213 LOG) (X, WEXITSTATUS ~ 7 117N 128 i 2
HEE F 7213 WIFSIGNALED ~ 7 u NE 272 288 1% FATAL., £ LI4ME LOG 1272V
£

O 7—Hh A 7 KO WAL

T A TN RIS B & LB R L 72 WAL 7 7 A /WIS EAH S v3 Hidlo WAL
Ty ANVPBEBNMENET, ZODT —HA THWENK LTS &, pgxlogT 4 L7 b
DELFIZKRED WAL 7 7 A ARED Z 212720 £,
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5. INTF+—< 2 ABEE

5.1 BEHEHDIRE

511 24227

FAHEIROIEEIL, HE) VACUUM & [RIFFIZFT S E T, autovacuum launcher 7'
T ANG, /NT A—H autovacuum_naptime (7 7 #/L b 1min) THE S 7= [H R TIHEE
DML T 5 worker 7 B® AN EEB SV E T,

512 &#

MEHEHRONEIL, LT OFEKNTES S NE e RilEFFHERZ BUE LT b B
SNz a— REE R L CRESNE T, B &7z L a— N 13X UPDATE / DELET
/ INSERT X C¥EA=ZJ/-La— FokfTyd, FHOFzy 7k, Y—Aa—FK

(src/backend/postmaster/autovacuum.c) P relation_needs_vacanalyze BA#C{T - T

WET,

atHa

Bf{E = autovacuum_analyze threshold +

autovacuum_analyze_scale_factor * reltuples

FREFHRAOBERIZLL T 0@ Y T,
e autovacuum_analyze_threshold
A U AH AT A —H qutovacuum_analyze_threshold O1E (7 7 + /L M 50)
F 72137 — 7 L@ autovacuum_analyze_threshold J& D fE T9,
e autovacuum_analyze_scale_factor
AV AH A - XT A —H gqutovacuum_analyze_scale_factor Df. (777 # /L MiE
0.1=10%) 721X, 7—7 /L@ autovacuum_analyze_scale_factor JEMDME T,

e reltuples

AR A G R 2 TG L 2R DT — 7 VDA R L 21— RETT,

513 Y2 7T La—FH

MEHEMONE T Y 7Y I Lo T ThbivEd, o7V rova— L, 7
—TNDOLa— KT 1y 7RI Lt A, ANALYZE XA 31735 (E7213H
fil VACUUM NTEITIND) IR T —T NVOERTEIZELD UL TOFHEXATROSNET,
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o7 e La— R = MAX(%-%1] STATISTICS) * 300

&> STATSITICS fEDT 7 4 /v MiElX, 73T A —% default_statistics_target 73# H
NWET, /3T A—H default_statistics_target Tt v v a »DEMEILEINE T,
T=INDT VT 4 7l A—= NN ZOEUTOREET =T NVOET 7747« b
I— R RIZD £9, ZOFHERKIT Y — & 32— K (sre/backend/commands/analyze.c)
@ std_typanalyze Bt CERZ SN TV ET, LU FIEHAERXEZRE L-REICET 3 A
T,

V—Ra—RKHNOa Ak

The fol lowing choice of minrows is based on the paper “Random samp|ing for histogram
construction: how much is enough?” by Surajit Chaudhuri, Rajeev Motwani and Vivek
Narasayya, in Proceedings of ACM SIGMOD International Conference on Management of
Data, 1998, Pages 436-447. Their Corollary 1 to Theorem 5 says that for table size
n, histogram size k, maximum relative error in bin size f, and error probability
gamma, the minimum random sample size is

r =4 % k x In(2%n/gamma) / "2
Taking f = 0.5, gamma = 0.01, n = 10°6 rows, we obtain

r = 305.82 * k
Note that because of the log function, the dependence on n is quite weak; even at
n=10"12, a 300xk sample gives <= 0.66 bin size error with probability 0.99. So
there’s no real need to scale for n, which is a good thing because we don't

necessarily know it at this point.
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# 49 R0 7—%

HH BCs]
r B RMERIR Y T - L a— R
k EARNTTLEADHAX
(/XF A —% default_statistics_target 72135/ STATISTICS)
n La— R (% 1,000,000 &%)
gamma | =7 —ER (E£0.01 EHE)
f I KA RS (E% 0.5 [E7E)

ANALYZE X ClfGani=V v 7 - La— REEHhT21%, "7 2 —4
log_min_messages % DEBUG2 |Z#% € L £9 (ANALYZE VARBOSE X %45 ET 55512
IZ INFO), BLFofliZ TANALYZE VARBOSE demol ] X% 3FE(T LG0T, £
90,000 L = — FEIIS 72T —7 /MR LT, 80,000 L a— R3 ¥ 7Y 7 snicZ &
DOm0 ET,

% 91 ANALYZE JLE o 7

2013-05-09 08:00:22 MMT INFO: analyzing “public. demol”

2013-05-09 08:00:22 MMT INFO: “demol”: scanned 1234 of 1234 pages, containing
89998 |ive rows and 10001 dead rows; 30000 rows in sample, 89998 estimated total
rows

5l> STATISTICS & 1X. ALTER TABLE ALTER COLUMN U TEAT L £,

#1 92 F> STATISTICS $RiE & 3R

postgres=> ALTER TABLE demol ALTER COLUMN col1 SET STATISTICS 200 ;
ALTER TABLE
postgres=> ¥d+ demol

Column | Type | Modifiers | Storage | Stats target | Desc
cl | numeric | | main | 200 |
c? | character varying(100) | | extended | |
Has 0IDs: no
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5.1.4 REBEHROBREFL

FT Y= NENLOFFHEBRLIIMNT, PostgreSQL TldAk # 7ot aHE# AN B #BhAYICIVEE X

NEJT, N6 pg_stat_*E = —=° pg_statio_ *E = —8THERT DI LN TXET,

F 50 MEMEHEL =—

Ea—4

WA

pg_stat_activity

A U AH AR DIEE G H

pg_stat_{all|sys | user}_indexes

AT v 7 ATHT DR E R

pg_stat_{all|sys|user}_tables

T — T T DR EHE R

pg_stat_archiver

T—HhA 7 a7 ICT B E R

pg_stat_bgwriter

writer 7' 1 & 2 2R B HEHG R

pg_stat_database

T b N R BB

pg_stat_database_conflicts

AR N, - T B R 2 DA

pg_statio_tall|}_indexes

{2 F 7 ACBIT B VO #eatE

pg_statio_tall|sys | user}_sequences

= U AT B 1O #EHE

pg_statio_tall|sys | user}_tables

T =7 BT % TO it

pg_statio_{all|sys | user}_indexes

A 2T w7 RZBT B 10 S EHE

pg_statistic

FT7 Vs NI DR SR

pg_stat_replication

L7 r— g ER

pg_stats

pg_statistic B2 —DE L = —

pg_stat_user_functions

Ty U a AT DR R

pg_stat_xact_{all | sys | user}_tables

T =7 WX T D B AT E

pg_stat_xact_user_functions

Ty va AT DR AHE

WEHE RO ERITA A ARRORFHE RGN S D global.stat 7 7 A /L& 7
—H _X— AN S 415 db_{OID).stat 7 7 A /LT, ZNHDT 7 A MEA Y AK
A LB IZ{PGDATA} /pg_stat 7 4 L7 R UG, /X7 A—# stats_temp_directory (7
74V bk pg stat_tmp) THREINTZT 4 L7 NIIZBEISNET, 1 AF 2 2 g kK
\Zidpgstat 7T 4 L7 RUICESINET,

FRHE RO BEAIABLDI R » 71272 > TNV DEEIL/NT A —H stats_temp_directory % /&
WRA ML=V EDOT 4 L7 FUICHET 22 L TRk T 5 2 ENTEET,

8 v = =7 /L http!//www.postgresql.org/docs/9.4/static/monitoring-stats.html
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5.2 HEVACUUM

521 B4 22Y

H # VACUUM (% autovacuum launcher 7 v & X /5 | /X T X — X
autovacuum_naptime (7 7 #/L b 1min) THHE I N7-ME CEBICUEE 41T 5 worker
T ANEINET,

5.2.2 %#

HE) VACUUM 1%, U TOFHEKXTHREGESNTMEE, EHSNTARERSTZLa—F
Boabbig L CIvESNE T, AEIZ /-7 b a— REUTIARIZIE UPDATE / DELETE 3¢
RV EFHIN- L a— MU =8 L ET 2, [FA—La— R&#E%5E UPDATE L7256 12
AT FENRWEAERHY EF, ZiuX HOT I X2 HFIHO =0 LE SvET A,
V—Aa— FOERECTCHERBL TWVWERTA, FFOF=zv271F, Y—RAa—F

(src/backend/postmaster/autovacuum.c) P relation_needs_vacanalyze B4 C1T-> T

WET,

atHa

B{E = autovacuum_vacuum_threshold +

autovacuum_vacuum_scale_factor * reltuples

FREFHRAOBERIZLL T 0@ Y T,

e autovacuum_vacuum_threshold
A VAKR R NT A —H gqutovacuum_vacuum_threshold OfE (5 7 # /v ME 50)
F 721357 — 7 VD autovacuum_vacuum_threshold J& M D8 T9,

e autovacuum_vacuum_scale_factor
A VAH A - XT A —H gqutovacuum_analyze_scale_factor Df. (777 # /L MiE
0.2=20%) F721X. 7—7 /L@ autovacuum_analyze_scale_factor & D E T4,

e reltuples
B EHE R 2 B LR D7 — 7 L OF L 2 — RETd, pg class B2 —D
reltuples #| CHER TE £,
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5.3 SE{TATE

5.3.1 EXPLAIN X

PostgreSQL D3 T # Frr S/ 572 9(21%, EXPLAIN XA H L ¥ 3, EXPLAIN
I ANALYZE R]Z48Ed 2 & FATRIEERFICFHAR S 72 A S U Stk & FEERIZ SQL
L FAT LI R OMGHER N CTERRT DN TEET,

#1 93 EXPLAIN XD E4T

postgres=> EXPLAIN ANALYZE SELECT * FROM datal WHERE c1 BETWEEN 1000 AND 2000 ;

QUERY PLAN

Index Cond:

(4 rows)

Index Scan using idx1_datal on datal
(actual time=0.052..0.375 rows=1001 loops=1)

((e1 >=1000: :numeric) AND (c1 <= 2000: :numeric))
Planning time: 9.849 ms

Execution time: 1.691 ms

(cost=0.42..40.60 rows=959 width=14)

% 51 EXPLAIN XX ik &

7 B fii 5
Index Scan using FATEE GO TV = T M,

cost FEEIN-a A N GEMITER)

rows HEINZLa— N

width HEE SN — A7 T34 M (1 b =— Roig)

actual time FEROEATHR] GEMIT%R)

rows HhEhizra— MK

loops SLER D 0 IR LAl

Index Cond: AT I ADEIRBREAT T2 2 & &

Planning time: TAEEFHE] (ms) 9.4 3B/

Execution time:

A -

FFEATIEE  (ms)
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53.2 3R b

EXPLAIN X CTH/R &5 cost #Hio0i%. SQL X & EITT L1204 ERaANTY, =
A MEI—r w10 T1_— (8 KB) Zaihirtea X M4 1.0 & L7ZEEOHXTHY
IRHEEME T,

il 94 2R FDOFRR

cost=0. 00. . 142.10

OO TFIL, AX—F T w7« aAb, FOEFITb—%/NL+ 2aATT, AX—L
T w7 e aAMINWONDOEREFEFEOBRICHEA ST, Fa—=0 F THEETRE
T h—%1 s a2 NTY,

# 52 EITEIE & 2 X F OBEEME

INT A—H B BEEE fii %
seq_page_cost U= X L e = VSRR IA F 1.0
cpu_index_tuple_cost | £ > 7 > 7 ADMLEE 1 [A] 0.005
cpu_operator_cost A 1A 0.0025
cpu_tuple_cost 1L a— RoEE 0.01
random_page_cost T UH I e RV FEIRIA TR 4.0

] 95 22 A b DOERR

postgres=> EXPLAIN SELECT * FROM demol ;
QUERY PLAN

Seq Scan on demol (cost=0.00..2133.98 rows=89998 width=41)

(1 row)

postgres=> SELECT reltuples, relpages FROM pg_class WHERE relname=" demol’

reltuples | relpages

89998 | 1234

(1 row)

EREBNCBIT S 22 hOFEEIL, relpages (1,234) * seq_page_cost (1.0) + reltuples
(89,998) * cpu_tuple_cost (0.01) =2,133.98 & 720 £9°,

127
© 2013-2014 Hewlett-Packard Development Company, LP.




5.3.3 EITEHE

EXPLAIN =2~ RCHAOSNAFEITRHEIZIZLLTD 7 = — « XL —Z3H D £77,
Z DY A KMZ, PostgreSQL 9.4.1 ® Y — A= — R (src/backend/commands/explain.c) 7>

SBBMELE L,

& 53 FEATHHE

g2 — A _XL—4 | @i AE— T T -
o Ak

Result FT—T7 NREWE DY i3

Insert INSERT XD 31T

Delete DELETE X ® %47

Update UPDATE LD FEAT

Append T — 2 OEANALER pils

Merge Append ~— VLB

Recursive Union Bf =

BitmapAnd vy hv oy TR

BitmapOr vy hv oy TR

Nested Loop AXAT R =" il

Merge Join ~ =R H

Hash Join Ny Y a e H

Seq Scan DR i3

Index Scan AT w7 ARG b

Index Only Scan AT v I ADIHRDEIRTE

Bitmap Index Scan AT T ADE Yy v~ « AF¥p

Bitmap Heap Scan E—7Dby b~y 7« AFky H

Tid Scan TID E&E7 7~ i

Subquery Scan BT — R bl

Function Scan BA% A F v HE

Values Scan EAxy

CTE Scan WITH ]z ~>7= CTE A% v >

WorkTable Scan —WF7T — 7 VR R

Foreign Scan ST — T AR

Materialize AIfWEDE H

Sort YV — ML A

Group GROUP BY H)DLsf 2
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F* 53 FEATRIE ()

g — AL —X | #E AP —K T w7+ aRrh
Aggregate G ORI H B
GroupAggregate 7 n—74k

HashAggregate Ny v 2 BEEHLEE ORI

WindowAgg AV N Y

Unique DISTINCT / UNION /) 4LEf Ze)

SetOp INTERCEPT / EXCEPT 4] 4L H

HashSetOp AN UB:ii

LockRows =

Limit LIMIT &) 4Let % (OFFSET >0)
Hash Ny Y a L Zl

O Sort 7=V —+« XL —%
ORDER BY 4 CHIZRBIIZHEE S5 554 Unique LB, Merge Join ALEE 7 &2 XK 5
WERD Y — RN THIITIND AR H Y £77,

0 IndexScan 7 =V — « XL —X
AT v I ANST =7 e R#FELET, Index Cond FATRHEINF R SR WG ITA
VF Y ADTINAF Y U EELET,

[J Bitmap Scan 7~ J — « XL —%
BitmapOr & BitmapAnd 2> CVU L—ya U REROE Y b~ v 7% AT —HNTIER

Li#o

O Result 7=l — « XL —#

T NWZT 7B AR TICHREZ BT HEICFREINE T,

[J Unique 7 =V — « <L —%
HEMEAPER L E 3, UNION 4], DISTIMCT A0 Gl < E 3,

O LIMIT 7 =Y — « AL —%
ORDER BY fj & 4z LIMIT A)2MEE Sn=Ha It s £ 4,
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[ Aggregate 7 — Y — « A XL —X
3 E9%. GROUP BY A) ¢ fl v £4, HashAggregate, GroupAggregate 23 [ &
NHGENRHY 77,

O Append 7 =V — « XL —X
UNION (ALL) {2k 27 —X OB CHEA S ET,

[J Nested Loop 7 = U — « XL —#X
INNER JOIN, LEFT OUTER JOIN CfEfsnvET, /M7 —7 v EAF Y L, N
T —T N~y TFTHLa—RERKELET,

[J Merge Join 7 =) — « <L —4%
Merge Right Join & Merge In Join %V £9, Y— b3zl a— Rty MEfEES
TET,

O Hash, Hash Join 7 = U — « XL —%
Ny a T =T NNEER L, 2000 F—TAEHKLET, Nyia - T—TLDfE
B T- DI W = 2 kAL T,

O Tid Scan 7 = U — « A~ L —%
Tuple Id (ctid) Z$57E L 72K TR S E T,

O Function 7 = VU — « XL —%
BN L a— FEART 258 IEH S ET (SELECT * FROM func0%),

[J SetOp 7 = U — « AL —H
INTERSECT 4J), INTERSECT ALL A1), EXCEPT 4, EXCEPT ALL A)D /L Cfii
SNET,

5.3.4 E{TRM

EXPLAIN 32 ANALYZE & f8ET 5 & EEOFEITRMAH S E T,
71 &7z actual $B712IE, RS 2 DIFE L £ 7, RPIOBTFIL, BAIDO L a— RAH
I SHVIZEE], 2 DD DEFD b — F VFELTRER] T,
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%l 96 FEITREDERR

actual time=0.044..0.578

53.5 ZF—JINDaRMHE

EXPLAIN X#ZEITLTLa— RO DT —T7 /NI L CTHREZEEIT O & . cost THH . rows
HEIZHEBRE FR R 2B FERRRENET, BT —T7/MT 10 7r v 7 & LCEERER SN, 10
Ty ZITKEIIATRE R iR L 3 — REE RAR S » TR SN E T,

%l 97 2270 v « T —7 )LD rows, cost X

postgres=> CREATE TABLE demol (c1 NUMERIC, c2 NUMERIC) ;

CREATE TABLE

postgres=> ANALYZE demol ;

ANALYZE

postgres=> SELECT reltuples, relpages FROM pg_class WHERE relname="demol’

reltuples | relpages

0 | 0
(1 row)
postgres=> EXPLAIN SELECT * FROM demol ;
QUERY PLAN

Seq Scan on demol (cost=0.00..18.60 rows=860 width=64)

(1 row)

postgres=>

53.6 TA4RYY—F

V— MLBE, NT A —% work_mem THREINTZAETY —NTEITINETN, AE
U—NIZETERWIERIET 4 A7 ECTY— bMTbivET, T4 A2 Y — NI, 7—
TINFTET DT —F X—APMRGFIND T — T VZEMO pgsql_tmp 7 1« L7 b UITHERK
SNET, T—HFXRX—RORHFELENDT — 7 VZEM pgdefault ® & A 1%
{PGDATA}/base/pgsql_tmp . <+ O f ©» & — 7 v 22 ] O H & & .
{TABLESPACEDIR}/PG_9.4_201405111/pgsql_tmp & 4 L' 7 b U MR S E4, Y —
WSS 7 7 A4 V4%, Tpgsql_tmp{PID} {9} T9, {PID}I Ny 7= ROF & 2
ID, {9, 0 BIEDL —BEDOFSTT,
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Bl 98 T4 A7 Y— R AT 7 AN

$ pwd

lopt/PostgreSQL/9.4/data/base/pgsql_tmp

$1s-1

total 34120

TWoSTtt 1 postgres postgres 34897920 Jun 17 17:02 pgsql_tmp6409.0

UTIZT 4 A7 Y — N OMRFIEZTBR LET,

O SHTEHAE
EXPLAIN ANALYZE CCEATHBZEUGT 5 &, 7 4 A7 V— &7 [Sort Method:
external merge] F721% [Sort Method: external sort] X OMEMH 72T 4 A7 HEN

MHDSHET,

Bl 99 74 27 Y— b ORATHE
postgres=> EXPLAIN ANALYZE SELECT * FROM demol ORDER BY 1, 2 :
QUERY PLAN

Sort (cost=763806.52..767806. 84 rows=1600128 width=138)
(actual time=7600.693..9756.909 rows=1600128 loops=1)
Sort Key: c¢l, c2
Sort Method: external merge Disk: 34080kB
-> Seq Scan on demol (cost=0.00..24635.28 rows=1600128 width=138)
(actual time=1.239..501.092 rows=1600128 loops=1)
Total runtime: 9853.630 ms

(5 rows)

O /37 A—4% trace_sort
/NT A—4 trace_sort & on [IZHEET H L, V— FEHEOA X v I SVET
(T 74V M off), 7 4 A2 YV — F2MToiI=A 13 Texternal sort ended ] 7 7127 1
v BB EnE T,
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7

#1 100 trace_sort=on ® w2 (—%R)

LOG: begin tuple sort: nkeys = 2, workMem = 64, randomAccess = f

LOG: switching to external sort with 7 tapes: CPU 0. 00s/0. 00u sec elapsed 0. 00 sec
LOG: finished writing run 1 to tape 0: CPU 0.00s/0.00u sec elapsed 0.00 sec
LOG: performsort starting: CPU 1.00s/3.43u sec elapsed 4. 44 sec

LOG: finished writing run 48 to tape 0: CPU 1.00s/3.43u sec elapsed 4. 44 sec
LOG: performsort done (except 6-way final merge) : CPU 1. 08s/6. 20u sec elapsed 7. 33
sec

LOG: external sort ended, 4260 disk blocks used: CPU 1. 11s/7. 77u sec elapsed 12. 03

Sec

ZONRTA=ZEFATY =« Y= FETRIC b r 72T 20T, ARFRETRE L
RNTLZENY,

] pg_stat_database &= —

pg_stat_database B = —(ZiX, —FF7 7 A WICEHT A ERNPFEHEINTHET, b
DOfEiIX ORDER BY (2 X257 + A7 V— FEiF T/ <, CREATE INDEX X2k 51 > 7
v I AMEBIC L DT 4 A7 Y= b U FENTWET,

# 18 pg_stat_database ' —D—F 7 7 f LV EHET — ¥

H4 B! e

datname TR R—= R

temp_files TER S Tz—W 7 7 A4 VK

temp_bytes | fERkSN=—W7 7 A VDO HEHA X

537 T—TI - =2 % ) RAX X VEAVTIIR RV
T=TNBRILT VAT D =Ty v e AR e AT TR AR U
postgres 7 ANFITTHL AT AT — L THIELE LTz, A v AX v ARBEHZ TN
Y7 7T — A NEVREECTRGEL £ L7z, FRedf Tk, v—F iy« Ax v A
\Z SELECT * FROM datal &, A>T v 7 A « 2% ¥ > HIZ SELECT * FROM datal
BETWEEN c1 10000 AND 2000 # 34T L T3 AT La—/L & hL—ALTWET, T—7
J datal @ 7 7 A /v 1L T base/16499/16519 | . A > F v Z A idx1_datal %
'base/16499/16535) (2720 £,
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7

O =yl Axy

=)l s Ax TR, T ADEENS 1 T a7 FoiaAL, T a
v PN, 7T AT M8 KB ML TEFE L TWET, iy e v 7 2% L Thtle
ZEEHVETA, AT I AEFIH LWL DD LA VT v 7 AR E G A
AATND DIFFEATEIEIRE DT & b ivE T,

Bl 101 —H vl Axy

open (“base/16499/16519”, 0_RDWR)
Iseek (27, 0, SEEK_END)

21 — T—TILOF—=T
88563712

open (“base/16499/16525”, 0_RDWR) 29 — AVTYIRADHEHAH
Iseek (29, 0, SEEK_END) 67477504

Iseek (29, 0, SEEK_SET) =0

read (29, “"¥0¥0¥0¥0h¥342¥251e¥0¥0¥60¥37¥4 ¥0¥0¥0¥0b1¥5¥0¥2¥0¥0¥0”. . ., 8192) = 8192

Iseek (27, 0, SEEK_END) 88563712

Iseek (27, 0, SEEK_SET) =0 — T—JIILEEIZHE

read (27, “¥1¥0¥0¥0¥020¥374¥2¥30¥3¥0 ¥4 Y0¥0¥0¥0¥330¥0¥260¥237D¥0". . ., 8192) =8192

read (27, “¥1¥0¥0¥0¥200S¥270¥50%3¥0 ¥4 ¥0¥0¥0¥0¥330¥237D¥0¥237D¥0". . ., 8192) =8192

read (27, “¥1¥0¥0¥0¥360s¥270¥5¥0¥0¥5¥0 ¥4 ¥0¥0¥0¥0¥330¥230¥237D¥0". . ., 8192) =8192
T F—=JILDOHEHAH

sendto (10, “T¥O¥0¥0000¥0¥2c1¥0¥0¥0@¥207¥0¥ 1¥0¥0¥67¥0”. .., 8192, 0, NULL, 0) = 8192
T U347 b~EE

read (27, “¥1¥0¥0¥0 ¥224¥20%¥0%74¥2¥30¥3¥0 ¥4 YOY0¥0¥0¥3260¥237D¥0". . ., 8192) =8192

read (27, “¥1¥0¥264¥270¥5¥0¥0¥4¥2¥30¥3¥0 ¥4 ¥0¥0¥0¥0¥330¥23237D¥0". . ., 8192) =8192
T F—=JILDOHEHAH

sendto (10, “¥0¥25%0¥2¥0¥0¥0¥003556¥0%01D¥0¥0¥0¥00355”. .., 8192, 0, NULL, 0) = 8192
T 93472 b~EiE

O ATy IR AFxx

AT IR AX XY T, AT v 7 ADFRPIAIBR—T — T NV OFEIRIAHZ 41D K
LET, ZD=dlseek VAT La—/LE read VAT LA — /LD IREND Z LITHRD
FT, V=T rvw s Ak U LFERR. 7747 MIIE 8 KB L TEEESNE T,
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7

Bl 102 AT TR« RAFxx
open (“base/16499/16519”, 0_RDWR)
|seek (36, 0, SEEK_END)

6 « T—TILOF—T>
88563712

open (“base/16499/16525”, 0_RDWR) B — ATVIRADHEMAH

Iseek (38, 0, SEEK_END) 67477504

Iseek (38, 0, SEEK_SET) =0

read (38, “¥0¥0¥0¥0h¥342¥251e¥0¥00¥360¥37¥360%37¥4 ¥05¥0¥2¥0¥0¥0". .., 8192) = 8192

I'seek (38, 2375680, SEEK_SET) = 2375680 <« AT VI RADFEEFA
read (38, “¥0¥0¥033¥304¥¥0¥260¥230¥35¥360¥37¥4 0¥0¥350¥20H¥237 ¥0”. . ., 8192) = 8192
I'seek (38, 24576, SEEK_SET) = 24576
read (38, “Y¥O¥0¥0¥0¥210i f¥O0L¥3 (¥23¥360¥37¥4 ¥¥340¥237 ¥0¥337¥20¥0". . ., 8192) =8192
I'seek (38, 237568, SEEK_SET) = 237568

read (38, “¥1¥0¥0¥0¥330¥2302¥v200¥26¥360¥37¥4 340¥237 ¥0¥0¥237 ¥0”. .., 8192) =8192

I'seek (36, 434176, SEEK_SET) = 434176 — T—TIL OB FA
read (36, “¥1¥¥OX¥352¥276¥¥374¥2¥30¥3¥0 ¥4 ¥330¥237D¥0¥260¥237D¥0". . ., 8192) = 8192

sendto (10, "TY¥0¥0¥0¥33¥02¥0¥0¥4¥23¥377¥¥16¥0¥0D¥¥0¥0". . ., 8192, 0, NULL, 0) =8192
T 93472 MY H%1E
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54 /VSA—H

54.1 N7 A —I 2V RIZEAET B/ A—4
PostgreSQL D /X7 4 —~ » RZRHE# T 5 270X T A= [ZLL T D@ Y T,

K 18 BHENT A —4

IRTA—H A 1 =
autovacuum_work _mem HE) Vacuum O—E X E 1 — 9.4~
effective_cache_size H—Df\WabdTHHATEST 1+ A

I XY vV aDINRE
effective_io_concurrency [RIRESATT + 27 T/IO fEE DK
huge_pages Huge Page & f#i 19 % 7> 9.4~

maintenance_work_mem

VACUUM, CREATE INDEX % O{R5F
EERAEY —

shared_buffers

HHNRNY T 7 DY A X

temp_buffers

—F7T—7VHRAEY —

wal buffers

WAL s g s L o G A€ ) —

work _mem

V—h, Ny aHO—FEAEY —

5.4.2 effective_cache_size

ZONRFA=ZFHEERy 7 7L OSBMERT ¥ v v aDAFEZEELET, FITE
ITRIEREREDA T 7 A« AF ¥ DA A NEFRETH AT A2 LU THHAShE
9, index_pages_fetched B9#4 (src/backend/optimizer/path/costsize.c) . gistInitBuffering

BE%L (src/backend/access/gist/gistbuild.c) THEEAH L E T,

5.4.3 effective_io_concurrency

ZD8T A= O EfEIL GUC target_prefetch_pages (= B —SLE ¥, fHE I Nz
EIFEATRIEE Yy vy 7 s b =7« A%y VITREO T Y 7 = v FROFRIHEN s h
Y, v=a T ORBEPNYIC L, ARICLDDHREIPFETE TOELA, /1T A
— A ERELTDHLTV T2y FHPRES RV ET, By bwy 7 - b—7 - ZAF ¥y

LM sh i E A,
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55 SRFAL-HsxOL

551 YRATL-HA205DRE

VAT L HERY (pg THEDAROE 2—) 1E, v=2T7 A ETE T@FEOT—7
V] EERTOWETA, FATHA 2 RGT 52— (pgstat THAED Ea—) 1FRRLT
=5 V= ADLIEHERIEL T ET, ETAHEN G, RELRIELE L,

# 18 VAT A - BFuTDEREK

VAT A hAa s

RIS

*

pg_statio_*_indexes

pg_namespace, pg_class, pg_index, pg_stat_*()

*

pg_statio_*_sequences

pg_namespace, pg_class, pg_stat_*()

pg_statio_*_tables

pg_namespace ,pg_index, pg_class, pg_stat_*(

pg_stat_activity

pg_database, pg_authid, pg_stat_get_activity()

pg_stat_archiver

pg_database, pg_stat_get_db_*(

pg_stat_bgwriter

pg_stat_get_*()

pg_stat_database

pg_database, pg_stat_get_*()

pg_stat_database_conflicts

pg_database, pg_authid, pg_stat_get_*()

pg_stat_replication

pg_authid, pg_stat_get_activity(,
pg_stat_get_wal_senders()

pg_stat_*_indexes

pg_namespace, pg_class, pg_index, pg_stat_get_*()

pg_stat_*_tables

pg_namespace, pg_class, pg_index, pg_stat_get_*()

pg_stat_*_functions

pg_namespace, pg_proc, pg_stat_get_function_*(

pg_stat_xact_*_tables

pg_namespace, pg_class, pg_index, pg_stat_get_xact_*(

pg_stat_xact_*_functions

pg_namespace, pg_proc, pg_index, pg_stat_get_xact_*()

pg_stat_xact_*_tables

pg_namespace, pg_index, pg_stat_get_xact_*()

pg_statistic

table

pg_stats

pg_namespace, pg_class, pg_statistic, pg_attribute,

has_column_privilege()
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6. SQL X D4k

6.1 awvo

6.1.1 OvY DiEH

PostgreSQL X7 —7 /v LD L a— RS LRS- BEICR v 7 Z ]G L £ 7,
LOCK TABLE 3¢=° SELECT FOR UPDATE XXI\Z &0 77V Fr— a UHIRIgIZ 2 v 7
ZITOoLBALHVET, BE Yy ZIX N T UV v a U EE (COMMIT & 721X
ROLLBACK) 42 £ CHRFFSNET, vy Z7IZHT 23 LW ERIT~Y =2 7 A0l s

NTWET,

£ 18 vy 7 OFEE

=y B

ACCESS SHARE SELECT X% FEAT¥ % & T — 7 /Mckt L TG SN E T,
RbINE Y 7T £,

ROW SHARE SELECT FOR UPDATE / SELECT FOR SHARE % 52
1TT25 77—kt LTRSS NE T,

ROW EXCLUSIVE UPDATE, DELETE, INSERT X3 BG4 %5 1 v 7 T,
LM EN 5T —7 i ACCESS SHARE v v 7 ) Huifs
EnET,

SHARE UPDATE VACUUM, ANALYZE, CREATE INDEX

EXCLUSIVE CONCURRENTLY, ALTER TABLE % CTHU/SSh %
R

SHARE CONCURRENTLY 473y CREATE INDEX 2 CHUS
EnET,

SHARE ROW EXCLUSIVE | H#8IZIZEG S E A,

EXCLUSIVE HERICITEE SN EE A,

ACCESS EXCLUSIVE ALTER TABLE, DROP TABLE, TRUNCATE,

REINDEX, CLUSTER, VACUUM FULL 32T X ¥ Hif5 &
nEJ,

9 === 7/l http//www.postgresql.org/docs/9.4/static/explicit-locking.html
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6.1.2 O v Y OHRF

Oracle Database %% & (3572 V) | PostgreSQL [FHi#fi72s SELECT X C% ACCESS
SHARE v v 7 #Hi#3 L %£73, LOCK TABLE X C IN A%#{EE LW ae. ACCESS
EXCLUSIVE vy 724G L %7, ZD7®H LOCK TABLE X% 5T L7 —7/WZiE
SELECT Xh&HTT 7 £ AR TEAL 20 £, BIEOT v 7RI pg_locks B = —7
LR CEET,

%l 108 LOCK TABLE XX & = v 7

postgres=> BEGIN ;

BEGIN

postgres=> LOCK TABLE datal ;

LOCK TABLE

postgres=>

AEyarvho

postgres=> SELECT locktype, relation, mode FROM pg_locks ;

locktype | relation | mode
virtualxid | | ExclusivelLock
relation | 16519 | AccessExclusivelock

ACCESS EXCLUSIVE LOCK i#fhoeTou v 7 LEia LET, Zoi-H VACUUM
FULLO X 5220 u v 7 #BET 508 %2 ZITHOT —T /VIZIIREEZGZOTT 72 A
TERL 2 £,
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6.2 IN—FT 13> - T—TN

621 /X\—FTq4>ay-T—=TNLEIZ

N=T g vay - T =T IKBER T — 7 VL WBERICER D =T 4 & a3 2o
L. I/O #iHZ D EEL 2L TRT 3 —~ 0 ZAR0A T A& S HEET T,
TTV = arhbidni—T 4 vaiFRBAnEnisied, BT — T ABRFEELT
WHEIITRZET,

12 RN—Fq4vav -7T—7Nn

[ Application ]

| sar |

N—=F gy« T—T)b

IN—=T 4 g N=T g av IN—=T 4 av

— AT, =T 4 ¥ 3 SFFUEOEIACEEMIZ L > TED/R—T 4 ¥ 3 IS
D00 BEIFICHIBr S vk 4,

6.2.2 N—F4ar - T—TILORE
Oracle Database <> Microsoft SQL Server % & [T 572 V) | PostgreSQL XA 7 1 7IZ
HHTE " =T 4 var « T—TNLOKELF> TVWEEA, T—7LVOMK, F=v
JHlF, MU —EEHAGDEDLZETA—T v a - T—TNVOMEEFEELET,
PostgreSQL IZBITH/X—F 4> a v« T—T WMILLFTOFIETER L £,
o BT—TNEENR (TFVr—2arNSQLT VB ATLHT—T L)
o BT —7NZEMIK (inherits) L, F= v 7HilEELMET =7 V2K (—
T4 aY)
o U I—MHBEEAE AL
o BT —T7/MZINSERT hUH—2ER L, U 7—HB% ozt
o BT —T7 MK LTSQL XEFAT (77— 3 (T SQL)
PLFOHIXIE mainl 7 —7 v % keyl FIOFFHAIZ L > T, 32D/ —F 3 v
(mainl_part100, mainl_part200, mainl_part300) (25 EId 56 TT,
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Bl 104 BT — 7 NMAERR

postgres=> CREATE TABLE main1 (keyl NUMERIC, val1 VARCHAR(10), val2 VARCHAR(10)) ;
CREATE TABLE

N—TF 4 v a v R DR T — 7 NV EVER L £, 817 — 7 % INHERITS A1) CHE/E L,
=T 4 vaAlgEND L a— Rxd s CHECK filf = HE L £9,

Fl 105 kAT —T N (RX—F 1T a ) B

postgres=> CREATE TABLE main1_part100 (
CHECK (key1 < 100)
) INHERITS (maini) ;
CREATE TABLE
postgres=> CREATE TABLE main1_part200 (
CHECK (key1 >= 100 AND key1 < 200)
) INHERITS (maini) ;
CREATE TABLE
postgres=> CREATE TABLE main1_part300 (
CHECK (key1 >= 200 AND key1 < 300)
) INHERITS (mainl) ;
CREATE TABLE

N H—=IERT 2777y ara2ELET,
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%l 106 ~ U A —BIEERR
postgres=> CREATE OR REPLACE FUNCTION func_maini_insert()
RETURNS TRIGGER AS $$
BEGIN
IF (NEW. key1 < 100) THEN
INSERT INTO maini_part100 VALUES (NEW.*) ;
ELSIF (NEW. keyl >= 100 AND NEW. keyl < 200) THEN
INSERT INTO maini_part200 VALUES (NEW.*) ;
ELSIF (NEW. keyl < 300) THEN
INSERT INTO maini_part300 VALUES (NEW.*) ;

ELSE
RAISE EXCEPTION 'ERROR! keyl out of range.

END IF ;
RETURN NULL ;

END ;

$$

LANGUAGE plpgsaql

CREATE FUNCTION

CREATE FUNCTION i kW fEisniz7y 7 varz, M) T—IC8ELET,

%l 107 b Y A —1ERR
postgres=> CREATE TRIGGER trg_mainl_insert
BEFORE INSERT ON maint
FOR EACH ROW EXECUTE PROCEDURE func_mainl_insert()

CREATE TRIGGER
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6.2.3 RITHEOHKEE
WR=T g av - T—T IR D FEATEHE A MREE L £ T,

O SELECT XiZ X 2/3—7 1 3 Vg

WHERE #JiZ/3=7 (¥ a U ZRETE WX H 525613, ABNICHET —7 10

T T BALET, TIELN—T 4 ¥ a AMLSIOFRFEICEHE D LB a (FEiln

) 13 X—T yvary - T—INIT 7B AESNET,

#1 108 SELECT XD E4THH

it

postgres=> EXPLAIN SELECT * FROM main1 WHERE keyl = 10 :
QUERY PLAN

Append (cost=0.00..8.17 rows=2 width=108)
-> Seq Scan on mainl (cost=0.00..0.00 rows=1 width=108)
Filter: (keyl = 10::numeric)

-> Index Scan using pk_mainl_part100 on main1_part100 (cost=0.15..8.17 rows=1 width=108)

Index Cond: (keyl = 10::numeric) 1 12D/ N\—TFT 43> - T—TILDOH

Planning time: 0.553 ms

(6 rows)

postgres=> EXPLAIN SELECT * FROM mainl WHERE keyl + 1 = 11 ;
QUERY PLAN

Append  (cost=0. 00..20. 88 rows=6 width=108)
—> Seq Scan on mainl (cost=0.00..0.00 rows=1 width=108)
Filter: ((keyl + 1::numeric) = 11::numeric)
-> Seq Scan on mainl_part100 (cost=0.00..18.85 rows=3 width=108)
Filter: ((keyl + 1::numeric) = 11::numeric)
-> Seq Scan on mainl_part200 (cost=0.00..1.01 rows=1 width=108)
Filter: ((keyl + 1::numeric) = 11::numeric)
-> Seq Scan on mainl_part300 (cost=0.00..1.01 rows=1 width=108)
Filter: ((keyl + 1::numeric) = 11::numeric)
Planning time: 0.167 ms 1| £/18—FT 43> - T—TNIZTHER
(10 rows)
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7

0 INSERT XD 34T
INSERT XX RUT—IZXD/"—=TFT 4> ay « T—TN~D|Y 5piFnftoinnEd, E
TEtE X Y =B shicZ &Rt snETd,

%] 109 INSERT XD E{TEH

postgres=> EXPLAIN ANALYZE VERBOSE INSERT INTO main1 VALUES (101, 'val1l’, 'val2’) ;
QUERY PLAN

Insert on public.mainl  (cost=0.00..0.01 rows=1 width=0) (actual time=0.647..0.647 rows=0
|oops=1)
-> Result (cost=0.00..0.01 rows=1 width=0) (actual time=0.001..0.001 rows=1 loops=1)
Output: 101::numeric, 'vall’ ::character varying(10), ’val2’ ::character varying(10)
Planning time: 0.046 ms
Trigger trg_mainl_insert: time=0.635 calls=1
Execution time: 0.675 ms

(6 rows)

(0 DELETE XD %EAT
DELETE /& WHERE A)iZ X 25/3—7 «( ¥ a VREN ARETHIUTFFE D/ N—T 1 ¥
aDHRIT 7 EALEY, FME SELECT XX LR L TT,

%] 110 DELETE X 1T HE

postgres=> EXPLAIN DELETE FROM main1 WHERE keyl = 100 ;
QUERY PLAN

Delete on mainl (cost=0.00..8.17 rows=2 width=6)
-> Seq Scan on mainl (cost=0.00..0.00 rows=1 width=6)
Filter: (keyl = 100: :numeric)
-> Index Scan using pk_mainl_part200 on mainl_part200 (cost=0.15..8.17 rows=1 width=6)
Index Cond: (keyl = 100: :numeric)
Planning time: 0.973 ms

(6 rows)
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7

[0 UPDATE ®Z%E1T
UPDATE /X WHERE HJIC L 5 /3—F ¢ & a URFEDN ATRE CHAVUTRFE D/ N—T 1 =
YDORIT 7B ALEY, FMHE SELECT XX LR L TY,

#1 111 UPDATE X D S{TH1E
postgres=> EXPLAIN UPDATE main2 SET vali="upd’ WHERE keyl = 100 ;
QUERY PLAN

Update on main2 (cost=0.00..8.30 rows=2 width=46)
-> Seq Scan on main2 (cost=0.00..0.00 rows=1 width=76)
Filter: (keyl = 100::numeric)
-> Index Scan using pk_main2_partl on main2_partl (cost=0.29..8.30 rows=1 width=15)
Index Cond: (keyl = 100::numeric)
Planning time: 1.329 ms

(6 rows)

1 JDBC PreparedStatement

Java 77U -r—3 3 v, PreparedStatement 47 V=7 K EffioT/X—TFT 1 T3
Voo X BN REBUL LTS G O FATRINE A MR L £ L7z, JDBC Driver /&
postgresql-9.3-1101.jdbc41.jar. JRE |% 1.7.0_09-icedtea ZfEH L £ L 7=,

NR=T gvay « XF—IN\AV FEREFH L TWAEETH, =T v ar0aH)
BYWEREDENET 2 2 MR L £ LT,

Bl 112dava 77V r—a v DO—E
PreparedStatement st = cn. prepareStatement (“SELECT * FROM main1 WHERE key1=?");

st.setInt (1, 200);

ResultSet rs = st. executeQuery();
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#l 118 E4TEHHE
Append  (cost=0. 00..188.99 rows=2 width=62) (actual time=0.018..2.947 rows=1 loops=1)

-> Seq Scan on mainl (cost=0.00..0.00 rows=1 width=108) (actual time=0.003..0.003 rows=0
loops=1)
Filter: (keyl = 200::numeric)
-> Seq Scan on mainl_part200 (cost=0.00..188.99 rows=1 width=16) (actual time=0.014..2.943
rows=1 loops=1)
Filter: (keyl = 200::numeric)
Rows Removed by Filter: 9998
Planning time: 1.086 ms

Execution time: 3.005 ms

6.2.4 HI#

NRe—F g vay - TF—TNEMERT S L. BT — 7 A ORIKIIAEL 8 A, HIK 1Lk
KT — 7 MAEELET, UTFORTIIBT — 7 MCEXF— 2 E LTV ETA, EF—
R L a— R TE COET,

#1 114 UPDATE 3L E4TEHH

postgres=> ALTER TABLE main1 ADD CONSTRAINT pk_main1 PRIMARY KEY (keyl)
ALTER TABLE

postgres=> INSERT INTO main1 VALUES (100, 'vall’, 'val2’') ;

INSERT 0 0

postgres=> INSERT INTO main1 VALUES (100, 'vall’, 'val2’') ;

INSERT 0 0

6.2.5 N—T 4 avEDOLa— FEE
NeF g X —BIDfEE BID =T 4 3 3 KT R X EICZEF 5 UPDATE
STIFFEITTE 8 A, CHECK H0IC L A5 — 354 LET,
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7

Bl 115 —F 4 a v - F—FOEH

postgres=> ¥d+ mainl_partl
Table “public.mainl_partl”

Column | Type | Modifiers | Storage | Stats target | Description
keyl | numeric | | main | |
vall | character varying(10) | | extended | |
val2 | character varying(10) | | extended | |

Check constraints:

“main1_partl_keyl_check” CHECK (key1l < 10000: :numeric)
Inherits: maini

postgres=> UPDATE mainl SET keyl = 15000 WHERE keyl = 100 ;

ERROR: new row for relation “mainl_partl” violates check constraint
“mainl_partl_keyl check”

DETAIL: Failing row contains (15000, vall, val2).

postgres=>
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6.3 postgres_fdw

6.3.1 postgres_fdw & (X

postgres_fdw I/ > A 7 A1ZxF LT SQL X% # A7 %5 FOREIGN DATA WRAPPER
(235 contrib €Y 2 —/L10TC, U E— kLD PostgreSQL |2 SQL XEZ&ATHZ &
NTEET, HUV =T 9 D PostgreSQL 121X, * v h U —72 EICEEIT 5 PostgreSQL
A AL AT SQL X E AT HHEREL L C dblink B Rt ST £ L=, L L,
Z OREBIIF N S Wa s, KU B TR S L7 SEEE DSBS S v E Lo, PostgreSQL 9.3
72513 FOREIGN DATA WRAPPER (Zxf3 2 FIALZIT 5 Z LS AIREIZ e D £ L7z,

6.3.2 postgres_fdw D {E R A%
postgres_fdw Z #9272 OIZITLL FOFINETHEITL £,
e CREATE EXTENSION 3C T postgres_fdw = — K
e CREATE SERVER XX TUE— b » f VA XV RAEFFE
e CREATE USER MAPPING X CUEt— |k « 77 AT H2—HF—%FKE
e CREATE FOREIGN TABLE X TV ¥E— b « 7—7 /L& RHE
o —HJ - F—7 LRI DML % FE4T

%1 116 postgres_fdw D fH 51k

postgres=# CREATE EXTENSION postgres_fdw ;

CREATE EXTENSION

postgres=# CREATE SERVER remsvr FOREIGN DATA WRAPPER postgres_fdw
OPTIONS (host 'remhost1’, dbname 'dbappli1’, port '5432') ;

CREATE SERVER

postgres=f CREATE USER MAPPING FOR public SERVER remsvr
OPTIONS (user 'postgres’, password 'secret’);

CREATE USER MAPPING

postgres=f CREATE FOREIGN TABLE datal (c1 NUMERIC, c2 VARCHAR (10))
SERVER remsvr ;

postgres=# SELECT * FROM datal ;

6.3.3 E{TSh 5 SQL
UE—hF+ AU AZ AT SQL IR AZILD & postgres_fdw #2H T SQL L3 E(E

10 == = 7 /LT http!//www.postgresqgl.org/docs/9.4/static/postgres-fdw.html
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7

S, FERENAKINET, I ZTIE postgres_fdw 23251592 SQL SCIZ DWW THFEL TV
F7, SQL I TFTO LI AR SN TEFESNE T,

o SIH®D [*) 1%, FI% YU R MTLHR

o A NFHIBR

o THIFEIZRICFIT LR

o fEF+ (SUM, COUNT %) /71—t 7 (GROUP BY) /JEZFE (ORDER BY)

IXHIER
o HEAIE2>m SELECT XIZ40fif

UTFoflix, VE—K A2 RAZ A 2% LT ISELECT * FROM datal] XZ&# A L7
BAIZFATESN D SQL 3LTY, FRid X 2 I2HE D SQL o S CEIT SN E T,

e SART TRANSACTION ISOLATION LEVEL REPEATABLE READ

e DECLARE CURSOR

e FETCH

e CLOSE

e COMMIT TRANSACTION

Bl 117 FATESh % SQL X DH
START TRANSACTION ISOLATION LEVEL REPEATABLE READ
DECLARE c1 CURSOR FOR
SELECT c¢1, ¢2 FROM public. datal
FETCH 100 FROM cfT
FETCH 100 FROM cT

CLOSE ct
COMMIT TRANSACTION

WDFIE, A L7z SQL XX & F T &N 7= SQL X%t T4, START TRANSACTION
. FETCH . CLOSE . COMMIT XCII&EmE L Cu\vE1,
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# 18 u—W A A SQL &V E— F3ESTSQL (#HR)

o — 71 VA SQL

U E— 31T SQL

select * from datal

DECLARE c1 CURSOR FOR
SELECT c1, c2 FROM public.datal

select c1 from datal

DECLARE c1 CURSOR FOR
SELECT c1 FROM public.datal

select /* comment */ * from

datal

DECLARE c1 CURSOR FOR
SELECT c1, ¢c2 FROM public.datal

select ¢l from datal order

by 1

DECLARE c1 CURSOR FOR
SELECT c1 FROM public.datal

select count(*) from datal

DECLARE c1 CURSOR FOR
SELECT NULL FROM public.datal

select count(c1) from datal

DECLARE c1 CURSOR FOR
SELECT c1 FROM public.datal

select ¢l from datal group

by cl

DECLARE c1 CURSOR FOR
SELECT c1 FROM public.datal

select * from datal where c1
=10

DECLARE c1 CURSOR FOR
SELECT c1, ¢2 FROM public.datal WHERE ((c1 <

10::numeric))

select * from datal where

octet_length(c2) = 2

DECLARE c1 CURSOR FOR
SELECT cl1, ¢c2 FROM public.datal WHERE
((octet_length(c2) = 2))

select dl.cl, d2.c2 from
datal d1, data2 d2
where d1.c1 =d2.c1;

DECLARE c1 CURSOR FOR

SELECT c1 FROM public.datal WHERE ((c1 <
100::numeric))
DECLARE c2 CURSOR FOR

SELECT c1, ¢c2 FROM public.data2 WHERE

((c1 < 10::numeric))

SELECT XX & &AT DL, =YV &fEl L, 100 L a—RKFDO7 = v Fa2iToTNE
T, 7=y FHD 100 (LY —A=2— R (contrib/postgres_fdw/postgres_fdw.c) |2/ — K=
— RENTVDLZHBRTIEIERE TEET A, ROFUTEH L TEITSND SQL LT,
UPDATE . DELETE X CiZh— YV %2EF LT, 1 L=— 95 UPDATE/DELETE
LEFITLTVDZ b £7,
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# 18 n—h A SQL & VY E— hEFT SQL (FH)

o — 71 VA SQL

U E— 31T SQL

update datal set ¢l =cl +1

where ¢1 < 10

DECLARE c1 CURSOR FOR
SELECT c1, c2, ctid FROM public.datal
WHERE ((c1 < 10::numeric)) FOR UPDATE
FETCH 100 FROM c1
UPDATE public.datal SET c1 = $2 WHERE ctid = $1

UPDATE public.datal SET c1 = $2 WHERE ctid = $1
DEALLOCATE pgsql_fdw_prep_2

insert 1nto datal wvalues

(20000, 'after')

INSERT INTO public.datal(cl, c2) VALUES ($1, $2)
DEALLOCATE pgsql_fdw_prep_3

delete from datal where c1

= 20000

DECLARE c1 CURSOR FOR

SELECT ctid FROM public.datal WHERE ((c1
= 20000::numeric)) FOR UPDATE
FETCH 100 FROM c1

DELETE FROM public.datal WHERE ctid = $1
DEALLOCATE pgsql_fdw_prep_4
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6.4 >—o X

641 =V ADEWNE
v —/4 A (SEQUENCE) (ZHEWIC—ERBUEZ AR T 547V =7 T, CREATE
SEQUENCE (> TERLET, FELVWEAFEII=2T7 V22 L T3,
= AT o TEZ ST 121, nextval BIEC Y — 4 v AL EFREL 3, BE
DEZ ST 572 9I121% currval B EFEE L £7°,
v 23 T nextval B A 1T LZRVIREE T currval B A ETT 2L =T —I1TRY
£

Bl 118 >—&F v ZADFH

postgres=> CREATE SEQUENCE seqO1 ;
CREATE SEQUENGE
postgres=> SELECT currval (' seq01’) ;
ERROR: currval of sequence “seq01” is not yet defined in this session
postgres=> SELECT nextval (' seq01’) ;
nextval

postgres=> SELECT currval (" seq01’) ;
currval

V= A%, psql = — 7T 4 UT 4 D¥ds T ~¥ L NFE LT,
information_schema.sequences £ = —4% &M L £7, 72— ADMEBI D1 2 S
THI2E, V=T AL ET— T NVAICHE LT SELECT X#ETLET,

1 < == 7 /)X http://www.postgresqgl.org/docs/9.4/static/sql-createsequence.html
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B 119 —F v ADOFHRE
postgres=> ¥ds+

List of relations

Schema | Name | Type | Owner | Size | Description

public | seq01 | sequence | scott | 8192 bytes |

(1 row)

postgres=> SELECT select sequence_schema, sequence_name, start_value FROM
information_schema. sequences ;

sequence_schema | sequence_name | start_value

public | seqO1 | 1
(1 row)
postgres=> SELECT sequence_name, start_value, cache_value FROM seq01 ;

sequence_name | start_value | cache_value

seq01 | 1 1

(1 row)

642 ¥yvwia

CREATE SEQUENCE 2% CACHE MjZf8ETE £ 7, ZORMEICITZ— 7 o 2 fi%
¥y v adTHEKEHEECEET, CACHE AIO7 7 4 /b MEIX 1 T, ¥¥ v =ik
KENFEHA, ¥~==27 /2L The optional clause CACHE cache specifies how many
sequence numbers are to be preallocated and stored in memory for faster access. The
minimum value is 1 (only one value can be generated at a time, i.e., no cache), and this
is also the default.| &Fi#iINTWET A, memory 23 ED X E U —fEIkZ 59 DO EF0
I TnEEA,

X ¥ v aBMThbild AE Y —fEiliE Ny 7 = K« 7Bt postgres DIAE A
TY—fHRTY, D=7 ATH L THEEDEy v a B — T o AEERGET D &
ETNEhDOE Yy v a A AKHETD2F Y v v aPERSNET, F—OENPBFIND Z &
TH 0 EFEALN, =T AED KN ERERINI B L2 < 20 £7,
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B 120 > —F U AEDO X% v 2 L EFRT]

(SESSION#1) postgres=> CREATE SEQUENCE seq01 CACHE 10 ;
CREATE SEQUENGE
(SESSION#1) postgres=> SELECT nextval (' seq01’') ;

nextval

(1 row)
(SESSION#2) postgres=> SELECT nextval (' seq01’') ;

nextval

11

(1 row)

(SESSION#1) postgres=> SELECT nextval (' seq01’) ;

nextval

(SESSION#2) postgres=> SELECT nextval (' seq01’) ;

nextval

12

(1 row)

FitoplciiE 4, CACHE 10 #45E L T —4 > A Z1ERk L. nextval B CfiE % BfS
LTWET, ZORSETSESSION#L By a iy v =& LT 1~10 BMER S
F4. WIZ SESSION#2 & v 3 3 > T nextval B A E(T+5 L. BlOF v v 2 11~20

DERY Z 4L, nextval BIEICIX 11 23K D £97,

PostgreSQL 9.4 Tl vy a VWO —F A « X x v a%ZHlfrd 5 DISCARD

SEQUENCES X2MFIHCx 5 L 510720 £ L7,

© 2013-2014 Hewlett-Packard Development Company, LP.



643 FSUYO 3y
AT RN T s g IS LT WET, Ny g HRICEE LT
=AU AEITe — Ny F TTE EH AL

Bl 121 —F v RERNFUF I a v
postgres=> BEGIN ;

BEGIN
postgres=> SELECT nextval (' seq01’) ;

nextval

(1 row)

postgres=> ROLLBACK ;

ROLLBACK

postgres=> SELECT nextval (' seq01’) ;

nextval

(1 row)
postgres=>
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6.5 ECPG
ECPGIZC S v/ 7 AN SQL X x E#R T 4572007 FYak vy T4, 22
TlX SQL XD FATHRER A G T 5B A MEEIZOWTHRAEL TWET,

6.5.1 RRA FEBDIA+—< Y k
TEHNF— B B A NEMCIRE L BADH A 74—~ v MCOWTHRIELE L7,

[0 CHAR #4%1fi

7 —7/L® CHAR %% char B OEFNZEZ AL ZITVVE Lz, CHARG)FIEIDFIIZ
'ABC'Z#&M L, C SREAEK char(MIHMI L7550 7 +—~ v MERIEL TV E$, SP
[FA~—2 (0x20), NL L NULL (0x00), OR ZFAE IN T W Z L AR LET,

# 54 %% CHAR(5) — &~ A FZE# char(?)

el char(0) | char(1) |char(2) | char(3) | char(4) | char(5) | char(6)

T —2 | A B C SP SP NL OR

LFHNDOHIZAR—=APMF 5S4, %I NULL RS0 2 L3000 £,
[0 VARCHAR %41/
7 —7 /v® VARCHAR %1% char Bl¥ICH X AL %217V E L7z, VARCHARG)FIHL D

FNZ'ABC' 4% L. C SREEE char(DITHM L= H 8D 7 +—~ v FEBREL TWOET,

# 55 3% VARCHAR(G) — &R FZ# char(7)

e char(0) | char(l) |char(2) | char(3) | char(4) | char(5) | char(6)

T —4% | A B C NL OR OR OR

LFH0#% NULL 254 S v, NULL IBEOEIZA T SN TN RN LD £7,
0 VARCHAR M7k 2 4K
ARA NEEIZ VARCHAR Bl A FeET 2 Z T4, ZOEHIT ecpg BT &, A

> 7XN—int len & char arr[{99}] &2 FF oS IRIC B I N E T,

# 56 %% VARCHAR() — &R hZE# VARCHAR(7)

Bl char(0) | char(1) | char(2) | char(3) | char(4) | char(5) | char(6)

BT —2 | A B C NL NL NL NL
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7

F— A PN E N D char arr BiE4<T NULL (0x00) T ST\ 5 Z & 23 b
D i—a‘o

6.5.2 WA EFOHE

LFHPIBN DB Z R A FEEICH T 556 AA MEEOEBRBRE L TWD ERER
T EEo b, FEas T (Indicator) ICIEDENEZIAEFNE T, v == T /VIZITLLTFO
ETRENTEY, BERNLREEICOWTORIRNH ) 8 A,

This second host variable is called the indicator and contains a flag that tells
whether the datum is null, in which case the value of the real host variable is

ignored.

O fEI AR RO R A M EH 1

7 —7 /D VARCHAR %31 % char Bi¥IZHE Z AL ZATVET A, char BLOFERDH &
DICARE L TWEHAD T +—~ > hEMIEL % L7z, VARCHAR()¥H D52 ABCDE!
ZRAIL, C ZFEEH char@GITHM L2 A D7 +—~ v FERGEEL TWET,

# 57 3% VARCHAR(G) — &R FZ# char(3)

Ll char(0) char(1) | char(2)

T —4% | A B C

ERROLIITHEMTE DM ETHRMS N ET2, NULL EIIff G ShEEA, FERFIC
X5 M SNET,

O fEAEFFO R A N EH 2

VARCHAR %1% char Bld 2 EFZ AL 21TV E T2, char B O#EE7) NULL B D 7
RELTWDLEAD 7 y—~ v bERKIELE L7z, VARCHARG)FIHL DS ABCDE' % #%
L. CEREEE charGIIHEMI L2355 D7 +—~ v FEMEEL TWET,

# 58 %% VARCHAR(5) — & & FZE¥ char(h)

[iRedl! char(0) char(1) | char(2) | char(3) | char(4)

AT —% | A B C D E

LD X NCT = R=2ARN LTI O F FRFESINETA, NULL fHIIff 5SS FEw
Ao FETRFIZIFZODBRESNET, 207D NULL AOFEBAARE L TOTHLEIERT+TlX
HETERWZ LR £1,
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7. R EF T U MERK

71 TS0 FER

PostgreSQL D47 ¥ = 7 MERIZOWT, A7 ¥ =7 FOFTEE & IXRO— = —%—
(login HEBRD Zx) MIATRIREZRBMEEZ E L O F LTz,

711 T—TILZEORESE

Bt — Y — L T — TN OF A E N R DHE. ATV =/ FIMERTX B HGEE
LE L, UTFORREND, T— VBRI — =T E L 725 T — 4 ~R— AR
ERENTWAEAITIIA T V7 MIMERTE D Z b0 £ L1z,

# 59 T NEROFAEE LERL—V—BRE 256

e TN L | T=EN=2HY |
CREATE TABLE X O
CREATE INDEX X O

712 T—AR—ADHEE

F— B R—ADFAH L — P — N YA, public AF—<CAT V= b
ERRCEDDERIELE LT, UFOLEHICAF—< LD ERFT V= NEF—2 N
— ZDFEE IR - THIERARETT, public AF—~<ICk4 57 2 ¥ A ZEEIE L2
A2 public 2 — 6 — BT _TOT 7B AMRZRE L, LE/2HERDO %Y
— P —EINT B LR £,

# 60 pg_default 7 — 7L 22 (postgres = —¥—FfA) kT34 7 =7 MER

I FATAE | EE

CREATE TABLE

CREATE INDEX

CREATE SEQUENCE

CREATE SCHEMA

CREATE FUNCTION

OlOIxX|O|0O|0O

CREATE TYPE
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8. A—T14YUT«

81 A—71 T @&FGFZE
B 72 2 v RO B SV CHA L ET,

8.1.1 pg_basebackup A< > F

pg_basebackup =~ R2|E, T —FX—2 « VT RAFDFERL A —EEHRT D720
BB SNE Lc, BRI TORICERELE S, WEIWIZIZA T4 - Ny o Ty
7R CALEE A FEf L TV ET,

o XATVarERELT, Ny I T TR TRIIR AL v F2E ML ET,

o T—HN—R I FRAPUNDOT—TNVZERT 4 L7 b UIER—SARIEES N E
T, NAEEET 5 7-DIZ1E-tablespace-mapping /X7 A — X THIHD /XA & F57E
THMENH D £ (PostgreSQL 9.4 7S F5E FHE)

o N ITvTHEOT 4L FVIFECLTEBLENDHY 7,

e WAL EIALT 4 L7 b UIZ{PGDATA}/pg_xlog (2720 £4, #2557 4L 27 U %
FBET 256 1L -xlogdir /X7 A — & Zf5E L £ 7 (PostgreSQL 9.4 7> L& E AHE) .

% 122 pg_basebackup =~ FEFT

$ pg_basebackup -D back -h hostsrcl —p 5432 -x -v
Password: <K /SR —F >

transaction log start point: 0/7E000020
transaction log end point: 0/7E0000A8
pg_basebackup: base backup completed

$

8.1.2 pg_archivecleanup AT > F

pg_archivecleanup =~ > R, contrib E = —/VBIZEENET, v 7T v 7T RNE
TL, RE o7 —hATal - 77 A NVEHIBRLET,

BHHEIXARN) =227 - LAY b —3 3 VBB T recovery.conf 7 7 A LD
archive_cleanup_command O/37 A —Z il L THEH L E T, HAID/NT A —ZIZF T —
HATaTWHT 4 V7 NV & 2FHDO/NT A =2 TR D WAL 7 7 A V%753 %)

12 v == 7 /UiX http!//lwww.postgresql.org/docs/9.4/static/app-pgbasebackup.html

18 v == 7 /L% http!//[www.postgresql.org/docs/9.4/static/pgarchivecleanup.html
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ZRELET,

#l 128 recovery.conf 7 7 A LV DIETE

archive_cleanup_command = 'pg_archivecleanup /opt/PostgreSQL/9. 4/arch %r’

pg_archivecleanup 2~ RIZAX  FT7 a0 VRE CHLMHATEET,H2 /37 A—X(C
. Ao IA40 - R T v T THERENTZT v« 77 ANV ZRELET, LTFD LD
7T T AEERT A ET, DT s Ty A NERST LN TEET,

%1 124 pg_archivecleanup =~ FFEITZA 7 V7 b
#! /bin/sh

. /opt/PostgreSQAL/9. 4/pg_env. sh

ARCHDIR=/opt/PostgreSQL/9. 4/arch
LASTWALPATH="/bin/ls $ARCHDIR/*. backup | /bin/sort -r | /usr/bin/head -1°

if [ SLASTWALPATH = "" 1; then
echo "NO label file found.
exit 1

fi

LASTWALFILE="/bin/basename $LASTWALPATH"

pg_archivecleanup $ARCHDIR $LASTWALFILE
stat=$?

echo "Archivelog cleanup complete
exit $stat

8.13psqlav>r kK
psql 2~ RIFEEEMIZ SQL X&2F(TT 257 74T b « V= TH, psql 2~ R4
PMET 2 REZAFIILLTOE Y T,

4 <=2 7 )UT http!//www.postgresqgl.org/docs/9.4/static/app-psql.html
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# 61 psql 2~ FBXERTIRELE

BRBEAHL L] 774V
COLUMNS AT O | R A1 — I T ILOIEN HEE
¥pset columns D7 7 # /L k
PAGER N—=Ty s av N4 Cygwin B85 Tl less

Z LA TIL more

PGCLIENTENCODING |7 747k + = a—FR auto
PGDATABASE SO b T2k | 08 =4
PGHOST T 7 AN K R A N localhost
PGPORT TI7FNE - R— R ES 5,432
PGUSER T 74Nk s —H4 0S = —%4,
PSQL_EDITOR ¥e 2w RTEHT %7 | Linux/ Unix TiE vi
EDITOR g #4, VA& E)HRRFE | Windows Tl notepad.exe
VISUAL T 5,
PSQL_EDITOR_LINEN | =7 ¢ ZZfT& S % ET 2~ | Linux/ UNIX Ti'+
UMBER_ARG VAN Windows Ti372 L
COMSPEC ¥l =2 v » F M ¥ = /U | cmd.exe

(Windows)
SHELL ¥!la~> KT =L (Linux/ | /bin/sh

UNIX)

PSQL_HISTORY

JERERTT 7 7 A v

Linux / UNIX T/X
{HOME}/.psql_history

Windows Tl
{HOME}¥psql_history

PSQLRC H¥t=~> FH 7 74 /L@ | Linux / UNIX Tl%
282 {HOME}/.psqlrc
Windows Tl
{HOME}¥psqlrc.conf
TMPDIR 77 A NVREMH KT ¢ L2 | Linux/ UNIX TiX /tmp

Y

Windows Ti& GetTempPath
API |2 & 2 Buf%
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8.1.4 pg resetxlog AT > K
pg_resetxlog 2~ F15/% WAL 7 7 A VO EREZITWET, ZDa~<wr KA v AH
VAREPIIIEITTCEE A, v=aT IS LB Y {PGDATA}/postmaster.pid 7
TANDIEE T =y 7 LTWET, fAEDHETF =y 7 LTEY, AV AX U ZADEEH)
HFxy 7 LTVLDITTIEHY £ A,
pg_resetxlog =~ > NIZLL RO EAT > TWET,

Qe e ® 00 e

® 6 O

FTarDF vy
T—BN=R I FGAZOF =y L T4 LT BH
postmaster.pid 7 7 A VDFIETF = > 7
pg_control 7 7 A /L DFEFRIAFx

a. BOANRF—->T BT T AT

b. N"—=Yar -Fxzv27 L CRCOF=v”
pg_control 7 7 A WVIZARIEEE N H - 26 1LIE LVMEZ TH|
pg_xlog 7 4 L7 N U NGO WAL 7 7 A V&R
EREIDA A X ANEFKE T (DB_.SHUTDOWNED (1)) »E o0& F =7 L,
EFHT CIHEBEBNGAL ATV a VBMEE SR TR ITIEK T,
pg_control 7 7 A /L DHIER & FAERK
WAL 7 7 A /L DHIER
archive_status 7 1 L7 h UND 7 7 A /LHIER
BBl WAL 7 7 A /L OAERK

PLFIZ, pg_resetxlog =2~ > RE{THI% T pg_controldata =~ > N H JI#E B D b ¢
T RARNERDEH G OHFTLH L TWET,

15 v == 7 /UiX http!//lwww.postgresql.org/docs/9.4/static/app-pgresetxlog.html
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# 62 pg_controldata =~ KD E

HH

pg_resetxlog E1TH

pg_resetxlog 1714

pg_control last modified

Mon 30 Jun 2014 03:38:37
PM JST

Mon 30 Jun 2014 05:45:09
PM JST

Latest checkpoint | 2/A4000028 2/AC000028

location

Prior checkpoint location | 2/A3002D20 0/0

Latest checkpoint's | 2/A4000028 2/AC000028

REDO location

Latest checkpoint's | 0000000100000002000000A | 0000000100000002000000A
REDO WAL file 4 C

Time of latest checkpoint

Mon 30 Jun 2014 03:38:36
PM JST

Mon 30 Jun 2014 05:43:46
PM JST

Backup start location

0/E1000028

0/0
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82 A—T 14 UT1sDETXT—HX
PostgreSQL (Zft BT 2852 —T 4 VT f DR T AT —Z AZMER LE LT,

821pgctlavwUF

pg_ctl a2~ RITMERR L7HGE 0 2R L ET, A A X AENEF (pg_ctl start)
\Z-w A7 a VERE L TORWEA, system BEIC LA/ 7 7T 00 R KDY L
TRRT O ZELTHKRTLET, 2070,V AX L ARBIOKRN ZHERL TN D DT
TH D £ A,

# 63 pgctla~vy FOKRTRAT—HF R

AF—H A | S 5
0 WLERIS AT L7236
1 WVEE DS B U =556

BT T A v =22 (147> a A ERT
0y 77 AW),

3 pg_ctl status =~ REITHRFICA A X AHEE) LT
AL e

4 pg_ctl status 2~ > REATHREZ, T —FX—R « 7 T XX ) | 9.4 38/
FIE L2 WG

822psqlav > F

psql 2~ RIFLBENRE L1256 0 ZIRLET, ¢ 72 a2 T SQL XZEHEEL,
WMUBRN BT AL 1 Z2RLET, LorL, f 733 0 CTSQL XAEE L, BRI L
A0 2R LET, -f 7 3 O#EEIX ON_ERROR_STOP B4 true (7213
1) ICRETHZETERINET, ON_ERROR_STOP EEIL, ¥set 2~ R THEITT
B0, psql A~ RD-set 7 a THELET,

# 64 psqla~Y FOKRTAT—H R

ATF—H A | 3 {4
0 SLBR AT
1 VUBZIESEY
2 PEpe I F 7213 flex B#— 7 —
3 ¥set ON_ERROR_STOP true SEfTH&ICTT —0N3ELT-
%o
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7

% 125 psql D=7 —k5

$ psal -c¢ ' SELECT % FROM notexists’ -h localhost -U scott —p 5432
Password for user scott: <<password>>

ERROR: relation “notexist” does not exist

LINE 1: SELECT * FROM notexist

$ echo §7

1

$ cat error.sql

SELECT * FROM notexists

$ psal -f error.sql -h localhost -U scott —p 5432

Password for user scott: <<password)>>

psql :error.sgl:1: ERROR: relation “notexists” does not exist
LINE 1: SELECT * FROM notexists ;

$ echo §?

0

$ psal -f error.sql -h localhost -U scott —p 5432 ——set=0N_ERROR_STOP=true
Password for user scott: << password >>

psql:error.sql:1: ERROR: relation “notexists” does not exist
LINE 1: SELECT * FROM notexists ;

$ echo §7

3

$ cat stop. sql

¥set ON_ERROR_STOP true

SELECT * FROM notexists ;

$ psql -f error.sql —h localhost -U scott —p 5432

Password for user scott: <{{password>>

psal:error.sql:1: ERROR: relation “notexists” does not exist
LINE 1: SELECT * FROM notexists ;

$ echo §7

3
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8.2.3 pg_basebackup AT > F

pg_basebackup =~ FIZMENREE L7256 0 2R LET, ALPRICRR IR YE T /71
Ayt—UZHALT, 12RLTETLET,

& 65 pg basebackup 2~ FOKRTRATF—F A

AT —H A | i B
0 ALBR RS T
1 ALER SRR

8.2.4 pg_archivecleanup A< > F
pg_archivecleanup =~ > RIFAER KN L7256 0 20K U E 3, BN [ TAE = &
—IZAyE—=VEH LT, 2ZKRLTHKRTLET,

#& 66 pg_archivecleanup 2~ FOKTRATF—F &

AF—H A | #iH 5
0 WPRRS L (£ 7213~V T HER)
2 ALER PR

8.2.5initdb AT F

initdb =1~ RIZALBENRI L7256 0 iR L ET, AR IIERET T — (2 A v &
—VEHAILT, 1Z2RLTKTLET,

# 67 initdb =<2 RO TATF—F R

AT —H A | i 5
0 JLER RS Th
1 AIVER SR

8.2.6 pg_isready A< > F

pg_isready 2~ NIRRT A—FDF = v 7 ZITV, RIER/NNT A—FZBEEINTY
AlE 3 IR LET, D% PQpingParams B#L (src/interfaces/libpg/fe-connect.c) % 3
ITLUCBMORVIETHK T LET, LLFOMRNIRY 7,
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# 68 pg isready I~ FOKRTRTF—F R

AT —H A

Wt

e

0

Y — R PR A1 TR

PQPING_OK

I — o S— B 72 A e R T

PQPING_REJECT

S LR

PQPING_NO_RESPONSE

1
2
3

NT A= RIE, ST HIRIE

PQPING_NO_ATTEMPT

5D~ 7 aid~v 4 (src/interfaces/libpg/fe-connect.h) TEFRIINLTWVET,
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9. VAT LIER

\'o

9.1 /INSA—ZDT I+l ME

PostgreSQL TEHT 5 /3T A —X 3T — X X—RA + 7 T A X ND postgresql.conf 7 7
AACEHE S NE T, FLHPHOITIZT AL & LTHDNET, initdb =~ RFEITES
DIRETELEINTWNDHNRIA—FEFELE LT,

9.1.1 initdb A7 Y FE{THIICE

WL OMDIRT A—H T initdb 2~ > REITEEO
EH L. postgresql.conf 7 7 A /WX E L £,

# 69initdb =~ FETRICREIND/NT A—F

HEhB/I\5A—4
B RoAR A N OB EIR I Sl A

INTA—H AR EfE 77 4V ME
max_connections 100 100
shared_buffers 128MB 8MB
dynamic_shared_memory_type | posix posix
log_timezone BREEAH) 5 GMT
datestyle BREBEAR) B ISO,MDY
timezone BRI K7 & H GMT
lc_messages BREEAH) 5

lc_monetary BREEE ) 58 C

lc_numeric BREZSE ) 58 C

Ic_time BREZASE ) 58 C
default_text_search_config BRERASE ) 0 EH 'pg_catalog.simple'
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9.2 HEHER

PostgreSQL (2132 < D/RT A —FRBEMENERINTWET, BEILCTCERELET

B ETOHPREE L L CUTOMEEHENT L2 L2BE0 LET,

9.2.1 A4 —LE&E
75 A BNERRIFICHEET D initdb 2~ RO 3T A —ZHELHEIZLL Fo@y ©4, ar
— VEEBSRE N SIS E T H DA LSMIE R LA b2 B L £, 72, =

a— FIICFEAPREW UTF-8 2B #8I0 LE T,

# 70initdb == FOHEIE S A—%

INT A—=H HELEfE fii%&
--encoding UTF8

--locale fELewn
--no-locale BEST 5
--username | postgres
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9.2.2 HIE/NS A—4

HERR ST A — S BRI T Ol Y T,

# 71 postgresql.conf 7 7 A MR ET DR NRT XA —4

NI A—=H

HEDEAE

archive_command

test ! -f {ARCHIVEDIR}/%f &&
cp %p {ARCHIVEDIR}/%f

archive_mode

on

autovacuum_max_workers

F s S 2R

checkpoint_segments 128
checkpoint_timeout 30min
checkpoint_warning 30min
client_encoding utf8
effective_cache_size AT —&
log_autovacuum_min_duration | 60
log_checkpoints on
log_line_prefix "%t %u %d %r '
log_min_duration_statement 30s
log_temp_files on
logging_collector on
maintenance_work_mem 32MB

max_connections

TR * 110%

max_wal_senders

LY r—va U+ DR

server_encoding

utf8

shared_buffers

AT —ED 35D 1

tep_keepalives_idle

60

tep_keepalives_interval 5
tep_keepalives_count 5
temp_buffers 8MB
timezone Japan
wal_buffers 16MB
work_mem SMB

wal level

hot_standby

LY r— g U

max_replication_slots

VY r—va B+ LR

LY r— g U
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10. A hY—sS25-LF)H5r—o3>

PostgreSQL 9.0 WO AHTE D K512/ o7 A N =07 « LT r— 3 2o
TRBEICHI L TWET,

101 X FY—S20 - LY r—S 3 DA

PostgreSQL (21X V E— hHEA N TE#T L4 v AX A LT—22RAETHLT7V 7
— g UHEREMEVE IR S Tk, 2 2 Tl PostgreSQL HEHED LY r— g
BRETHOHLA N =7 - LT r—a VEEREZ L E T,

1011 RARY—S2J - LTV 5—=a ik

PostgreSQL 9.0 LV H WA= a3 U CTlik, 74 X—XD VL7 Y r— 3 2
PostgreSQL AfA & (FHST L 72> — /L TdH 5 Slony-1 <° pgpool- Il ZFEH L TWE Lz, =
o0 — IBAETHLHEZTT N, PostgreSQL 9.0 /v 5 b F 7 v a v -u 2 (WAL)
HEIETHZETLT Y r—2a BT AN =07 - LY Fr—3 g HERB DR YE
TRtENL X212 £ LT,

ARY =327« LT r— g VERETIE, T T1ODA AR ADIx
f%ﬁéhiﬁoE%%ﬁ54yx&/x%vx&—-4/x&/xk@01¢o7—&
N—=2Zx T DB THRAE L WALIFHIZA L —7 « f U AZ U RAZIERSNET, AL
=7 A VA ATIEEAE LT WAL & 7 — 2 X=X 35 2 & TEET — 42X
—X@ﬁ*@%%&bi#oXV—?-4/X5/Xﬁi)7w&4A:?—5N—x®
U B3] &2 EhE LTV AHiREE &DiT AL —"T o f VAR ATFAAIAFFEA (Read
Only) RigCEEIT5Z LN TX, 7w_ﬂbfﬁ%(%mMH)%£ﬁTé_&@
TEET, 20D, V7)7~73/ﬁﬁ%@?ﬁﬁ@ THOHICFIRT 52 & T&
¥

10.1.2 R rY—S2J - LTV =3 VDR

ARN)—=2 7 L7V = a T WAL sk L, @HT 52 TLT U B ETHT
LEERETH 57, WALJ %@t@@~~xk&67 AR—APRETT, vAZ—L
ROT—HRN—=R « JFZ2Z0a—xWEGL, V7 r—varoRN—2LLET, <
AP = A VABZ AR L TR N T T g U ET S L m— 00 WAL 358
FEINnFEJ, WKiT wal sender 7B AN A X A WAL 525k L9, AX
INA o A4 AH AL wal receiver 28 WAL {25 1THLY . WAL 2# A b L—UICEZA
HET, BEBEAENTZ WAL ZFERMICT —FN—R - 7 I XA ZITHEH I, AL—7 - A
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VAR UANEBH INET,

K 138 ANV =07 LV Hr—Tgyr

v AH— AL—7

g N R

wal wal 9 3 0
writer sender ecelve Droce

WAL Buffer

N AN

O HARF—F - L7 Ur— 3 ARk

ARNY=3v 7 - LAV T —vardobob bHMARERITY AL —IZx L TAZ N
AZ1IDFTHETHHDOTT, BHOAL—TIZH L TL AU r—va w792 &b
ARETT, £, AL—T c A LV RZ LV ABMDA U AB L ADT AL — L BRIt R
— R L7 = a UEEEIRD Z LB TEET,

X 14 AAr—FK- VAV sr—agy

Vv AK— AL—7
N
AL—7
y,
N\
A L—7 AL—7
J
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10.2 L Ho—S 3 VIREBEDESE
TITELVIU A= g VERBORESE FIEIZOW T L TWET,

10.2.1 RAvY k

PostgreSQL 9.4 DA RN —I 7 « LU —Ta f, YAF—« f UV AZ AT A
By PEENDAT V2 FaERL, AL—T « f U RZ AT ARy ML EB T
HZETERAINET, PostgreSQLI93 EFTHOLF U r—v g i, AL—7 « f L AH
VADMEIELTWAEETEH WAL 7 7 A W3/ T A —% wal_keep_segments CTHEE S 41
TEBETCLOLT 7 ANVERFFLEFATLE, ARy F&ES Z & TAL—T|T0E R
WAL 7 7 A VS HEIJICE B S, AL —TBZ TR G2 WRY < 2 % —0 WAL 2354 F
SNRVWEIICERINE LT, RNV Y r—>a U OBEITEENEN 0, 5
St wal sender 7' AH/NT A —& X pg_hba.conf 7 7 A /L OFEFIFHLETT,

0O 2av hOEH
28y MILTFOBRBTERAITWET, RO A v MIHIFRTE A, KN

HBFATESD AN —I 7 « L7V r—3 3 2 Physical Replication & FEEIVE T,

Au oy MMERKBEEK

pg_create_physical_replication_slot(A &2 » h44)
pg_create_logical_replication_slot(A 7 v "4, 75 7' A L 4)

Au oy HHIEREEEL

pg_drop_replication_slot(A & v ~4)

7T AR TE DA v MO HEKRAEIZ/XT A —% max_replication_slots TIEE L
FT, ZORTA=FOT T4 MEL 0 THDHED, LTV r—va U ETIHEICT
ERETHLENHY 3, 4 AX U AEEFRFIZIX, 73T A —# max_replication_slots T
PBESNEE Tl mAE ) — Ric V7 U r—v g VBIEOFRS R S ET,

1ERS L7= A1 v hOIEHRIL pg_replication_slots B = —HERTHZ M TEET,
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%l 126 2w v b DOYERL & HERR

postgres=# SELECT pg_create_physical_replication_slot( slot_1") ;

pg_create_physical_replication_slot

(slot_1,)
(1 row)
postgres=# SELECT * FROM pg_replication_slots ;

slot_name | plugin | slot_type | datoid | database | active | xmin | catalog_xmin | restart_lsn

slot_1 | | physical | | f

(1 row)

VA — e f ABATHER LT AT NI, AL—T « f VAKX L AD recovery.conf
MHZRLUET,

% 127 recovery.conf 7 7 A VND A v v SR

primary_slotnhame = "slot_1’

primary_conninfo = "host=hostmstr1 port=5433 application_name=primb5433’

standby_mode = on

BUR O FEE T, A L—T I primary_slotname OFFENFELRWGEETHL LT Y 7
— 3 V3P L E T, primary_slotname 23508 SV TWAIZH D LT~ A Z — I TX
2y RBMERENTWRWELLTOT T —03 384 L E7,

FATAL: could not start WAL streaming: ERROR: replication slot "slot_1" does not

exist

2wy FISROMBRWEE, LT =2 a VIETEERAR, AL—TlDA X
H AT LET,

LU —va Nk 5 L~ XX — 1l ® pg_stat_replication E = — |
pg_replication_slots £ = — XL FOERRIT/2 D £,
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7

B 128 V7Y Fr— 3 IR OFER

postgres=# SELECT * FROM pg_stat_replication ;
pid | usesysid | usename | application_name | client_addr | client_hostname | client_port |
backend_start | backend_xmin | state | sent_location | write_location | flush_location |

replay_location | sync_priority | sync_state

18481 | 10 | postgres | stdbyl | 127.0.0.1 | | 45345 | 2014-05
-16 13:04:27. 344758+09 | | streaming | 0/30C6468 | 0/30C6468 | 0/30C6468 |
0/30C6468 | 0 | async

(1 row)

postgres=# SELECT * FROM pg_replication_slots ;

slot_name | plugin | slot_type | datoid | database | active | xmin | catalog_xmin | restart_lsn

slot_1 | | physical | | t | 0/3006468

(1 row)

PostgreSQL 9.4 @ pg_stat_replication £ = —|Z(% backend_xmin #ANBEIM STV
7

O RAmy hOFEE
21y OFERIF{IPGDATA pg_replslot 7« L7 b UNIZ/ER SN Ar v b4 ERLT

ZEIDOT 4LV 7 N ET7ANTT,

il 129 2y FDERE

$ Is -1 data/pg_replslot/

total 4

drwx——- . 2 postgres postgres 4096 May 16 15:42 slot_1
$ Is -1 data/pg_replslot/slot_1/

total 4

-rW————— . 1 postgres postgres 176 May 16 15:42 state
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10.2.2 [ & IR

AR =0T LTV =g ETAE— o f U RAZ AN WAL GEHE 55T 5
LRV AL =T A AR AL EBAETRY £, v AKX — A AKX AD WAL &
AL—T AV AZ U AD WAL Ot F 2 EZ AT LB LTOL VT T a v
DT 2 —P— BT IUIEEMEEM ELE T8, AT 53—~ U AIRIEIZE T LE
Ty —HTAL—T « f L AZ U ATKT D WAL HFZ AL ZIERBNAT NIRRT +—~<

ZEMETENE LVERAN, AL—T « VAT A2 WAL BEET DRI AX — - A
VAR UAPNBEEKRTTHEEZRAALTLITO RN T U I v a R kbnaRNAH D F
T, ZD7=% PostgreSQL DA RNJ—3I 7 « LU r— g 020%, [BEMEE T +—
VY ADNT VU AEIRIRT H7-0OIC4O0F— FEHAEBELTVET, E— FOERT~ A
Ho— o L AL L APDINT A—H synchronous_commit THRE I ILE T,

#£ 72 /T A —4# synchronous_commit 3% EfE

A ENE 774 ~VU WAL | A& 3A WAL | 5%

on 1341 [F] 41 A R L—VEEIALE TR
remote_write | [F] ] [F] 34 A —FHEZ AL E TR
local e FE IR 441

off FEIT FEIFT

RV r— 3 U&7 9121, 737 A—4# synchronous_standby_names (Z/1:& O
AREIOY AN (Bo~RKEY) #FELET, AL—7 « f L AF A recovery.conf 7
7 A L@ primary_conninfo /X7 A —# N® application_name H H (Z[F CA4RTZEE L
7

K 15 ALY r—a VRE

~AH — AL—7
postgresql.conf recovery.conf
synchronous_standby_names = primary_conninfo =
'stdby1' application_name=stdby1'
synchronous_commit =
on | remote_write
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O AL—7 « f VAK L AE IR OENME

FEFRBILFY r— g VERIETIE, AL—T AV AZUAREL L THEYAY— -« A
VAL AT EGRTET, AL—T A AF ANV TV =gV EHRAL, <
AL = e L VAZ L AZIBWOL EOIZIFELFTO WAL @B T 0B H Y 7,
PostgreSQL 9.3 & Tl, /37 A —% wal_keep_segments (Z pg_xlog 7 4 L' 7 b U IZf&FF
925 WAL 7 7 A VEAERE L EJ, PostgreSQL 9.4 TIIA L —7 A TE o7z
WAL 7 7 A ViZA ey MZEXDEHEINL 2O, HEIWICRRESND X 512720 F Lz,

AL 7Y r—2arTlE, ALb—7 « A VAZUANEILT DL AT —« f L RH
YRERNT YT v a U EFATTETICA U ZIRBEICKR Y £,

10.2.3 /8T A—4
LY =y a TR 58T A — 2 FU T 0@ Y T

RKRISIAE— e f VAR VADINTG A —A

INT A—H B! AR EME {5
wal_level WAL /7 v~r hot_standby
archive_mode T—HA THIE—F on

archive_command T—hATHia~w R cp 2~ F&
max_wal senders wal sender 72t A K% | 1 UL E
max_replication_slots Ay Mg K 10k
synchronous_commit = b R
synchronous_standby_names | [Alf#l= I v M4 F5R R DS A E

AL =715 LC SELECT X4 EATT 2HAIRUT ORI A— 2 2 8ELET, T 7+
IV MEDSAE, AL—TRDOA 2 AK ATk LT SELECT XA EITT 52 LIXTEEd
by ZOfEIE~v A — « f VAR ATIRELTHEEIH Y AN, AL v F4—2
—FICH LN UORELTBL 2L b TExET,

RUAL—T A VRABVADNRT A—F

IRT A —H G R EN i

T

hot_standby AL —T HBRAHEICHRE | on AlL—7

10.2.4 recovery.conf
AL =T « A U AZ XTI WALEHREZZEL, UV ANY 21T TWLIREETT, 207k
OT—HZX—=ADY ANY ERILC LT, T—FX—R + 7T AHXKNI|Z recovery.conf 7 7
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ANEERLET, LTONTFA—FZIRET HZ LN TEET, primary_slothame /37
A — %% PostgreSQL 9.4 " HIEETE £,

KT AL—T « £V RAF VXD recovery.conf

INT A =X B! R IE i

standby_mode AL A« EF—F |on

primary_slotname PileAa v M4 A\ M 9.4~

primary_conninfo B do A v A A | BERIE R

restore_command T—=HAT + UAK |scp AL RICLDT—HA
Tavy R 7D A E—RGE

recovery_target_timeline | ¥ A L7 A VEXIE R

min_recovery_apply_delay | #HEY 73V RE RFH R E 9.4~

trigger_file NV T—T7A4 | T7A N4

%1 130 recovery.conf DERH

standby_mode = 'on’

primary_slotname

primary_conninfo

"slot_1’

"host=hostmstr1 port=5432 user=postgres password=secret

application_name=stdby1’
restore_command = 'scp hostmstr1:/opt/PostgreSQL/9. 4/arch/%f %p’

recovery_target_timeline=" latest’

O trigger_file /X7 A —#

trigger_file /X7 A — X [IMHATIEH Y FHA, FEET D & startup process 7 57 = &
T 7ANDTF = 7 EATO, T7ANPFETDEAL =T « f U AZ U APT AL —

RS NET,

[0 primary_conninfo /X7 A —#

primary_conninfo /X7 A —Z|Z{EV AF — « f U AEZ AT H T2 DOIFH ARl
LET, fLikix T A —=FA=fli| ZAX—ZATRY > THEGRTHZ LN TEET,
user AJIZ1%X REPLICATION #R & Fioax—V—H 2 EELE T,
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# 76 primary_conninfo [(ZfEET& 537 A —%

INT A =X B e
service P— B R4

user Pefe o — Y —4

password Bt/ N AT — R

connect_timeout

e 2 A LT b (B)

dbname T —F =24

host BifgiAR A N4 CAB— o f AR ADKRA N
hostaddr AR A N IP 7 RLA

port iR — N

client_encoding

U ATV N Ea— R

options

AV NS

application_name

TV = a4

REAL 7V r—3 g v OA

[0 restore_command /X7 A —#%
UHNVICHERT = AT 0« T A NVERGT b0 a~y FeiEELET,
AL —T « £ VRAZ U APEREUE L L TWEGEIZIE, BESNa~y RRFETEN
TVANVIERBERT —AA TR T « T7ANVERFLES, AL—7 « f LV AZ AN
JUE—hRAFTEE L TV AT SR — FE&QBBEL LAV sep a2~ 2 R4 {# -
TI77ANVEar—LET,
%p /X T A — X% X {PGDATA}/pg_xlog/RECOVERYXLOG Z BB &+ £ 7.,
RECOVERYXLOG 7 7 A WMiFa B —NETT DL, Tr A NVAPRER S, RNT
{PGDATA}/pg_xlog/archive_status/AWALFILE}.done 7 7 A VHMER S E T,
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103 ZxA4INFT—/V—ERL wFF—rV—

CAB— e f AR R ENEEL, AL —T c A VAF U ARAERABEIELH T L E
T ANF—NR—LIER, AF— e [V AR LVALAL—T « f VAR ADEENEA
g 28EE AL v F A —"— L IFFNE T,

10.3.1 RA yFH—/\—

AA v F A —_"—%EiT 570121, LLFOFIETETLET,
DO VRARE— AL RAE AT EFEEIL

@ AL—T, AV AE U AERIEFEEIL

©® METHIULEA L AZ U ADIRT A= EREE

@ [HAL—F « A4 AH 2 AD recovery.conf 7 7 A /L% Bl
® [HvAZ— -« f 2 AH L AD recovery.conf 7 7 A /L& VERK
® WA AL ADIELH)

10.3.2 pg_ctl promote AT > K

AL —T e A VABUANDLT AL — « f VABZ U ANFIKET HT-OITIE, AL—7T -
A L AH L AZH LT pg_ctl promote 2~ REFEITLET, a~vr REFETLEZEEN
BAL—T « f VAZUVAFT AL — c L U AZ AL LTEHLET, FiihlTid~ A
4 —ff]C pg_ctl promote =2 ~¥ > REFEITL TWETH, AF LA « F— RTIEIRWED
TT7—ZRoTWVET, AL —T + f VAZ LV RAZKT Ha~ 2 ROEITTIX lserver
promoting] A v E—U NN INTHEMTONTZZ LN £,

#1 131 pg_ctl promote

$ pg_ctl -D data.master promote

pg_ctl: cannot promote server; server is not in standby mode
$ echo $?

1

$
$ pg_ctl -D data.slave promote

server promoting

AL —T « A VAR UANFHE LR TH, INETCYRAY - oo VAKX R TZ
DF B EFT ET,
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7

10.3.3 pg_ctl promote a7 > KD EIE
PostgreSQL @7 = A /LA —/3—[F, AL —7 « f UV AZ U RIZ%F 5 pg_ctl promote

a2 RiZ

X 0FEITEINET, pg ctl promote 2~ RIFZLLF OB A FIT L TV ET,
postmaster 7' rt A ID Bitfg& F = v 7
o postmaster.pid 7 7 A LV OFENTEAT 5 Z & THAE

Single-User %— /X T2\ xDF = v 7
recovery.conf 7 7 A )V DF(ET = v 7
{PGDATA}/promote 7 7 A /L DAERL
postmaster 7' 7 & 2 (Zxf L T SIGUSR1 ¥ 7 F /L DX

lserver promoting| A »t&—H/)

Z O#EEIX Tsre/bin/pg_ctl/pg ctl.e] 7 7 A /L@ do_promote BHEtN TZHEITL CTWET,
postmaster 7’1 2% SIGUSR1 #5{5% % & startup 7' =& 2(Zx LT SIGUSR2 7
FrEEELET,
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11. YV—Xa— Fig&

PostgreSQL (A4 —7"> YV —RA V7 h =7 ThDHIH, Y—Aa— KBRS TWH
F 9, PostgreSQL @Y — A2 a2 — NI E A EDESD CEiECitib N TWET,

11.1 T L2 FJEE

1111 by F-Fao Lo MY
Fyra—RLEY—RAa— R&REHT % &, postgresql-tVERSION} 7« L7 K U
RS VET, fEkSN7=T 4 L7 RVIBBUTOZ7 7 AT 0 27 B UBERESNET,

RT by LT 4 L7 ") EeT7740

TrANS T4V R

B!

(e

aclocal.m4 configure H 7 7 A /L O—
config configure 7 7 A V¥EMIT 4+ L7 R U
config.log configure {712 7

config.status

configure 2~ > RNAERKT 2227 U7 |

configure

configure 7' 11 7' AARK

configure.in

configure 7' v 77 LD

contrib contrib €V = —/VHT 4 L7 bV
COPYRIGHT EFHENG T

doc R¥a A MRAERT L2 R
GNUmakefile kw7 L)L D Makefile
GNUmakefile.in Makefile D

HISTORY VY —2R/— & d 5 URL SGEEL
INSTALL A VA N )VITIEOMEE L

Makefile "I —® Makefile

README MR B )

src

Y—Z2a—RFHF4 L7 MY

11.1.2src T4 LI FY)
ste T4 L7 U IEBEE RS- F 4 LY RUIC Y —Ra— RS TV ET,
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% M8srcT 4LV 7 VIVADERT 4 LI R

TA4LVZ N A D%
backend Ny JZ R TR EOY —R

bin pg_ctlFHED a~ 2 RED Y — A

common @i Y — =

include Ny T A

interfaces ECPG, libpq 714 77 U DYV —2A

pl PL/Perl, PL/pgSQL, PL/Python, PL/tcl ® Y — A
port libpgport 714 77 U ®D Y —2A

template BHEOSHDOY =227 7 |

test eV R T A b

timezone HA LY — B

tools EJLR - —b

tutorial SQL F=— U TV

11.2 EJL FEE

11.2.1make ATV K = /IN5 A —4
configure =1~ R CEREXEZITo72%. make 2~ R&flio T/NAF U D RA
A VA =N EITWVET, make 2~ RDOX—47 v b & L THRETE2HEBAIZLLTD

ﬁ@‘(“‘jﬁo

* T9make o~ FOEXER A S g

Z—5 v k B {5
BERL PostgreSQL /XA U D E /L K
world contrib Y =2 —/L, HTML R¥%= A FMEHLENLR
check V7 Vvyvay -7 ARNET
install PostgreSQL /XA F U DA A h—)b
install-docs HTML, man RF¥ =2 A hDA A F—)b
install-world contrib €Y 22—/, HITML R¥ = A FMEHL A VA b—/L
clean NATFYVD7IT
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12.Linux AR L—F ¢ 25+ SRT LExE

PostgreSQL % ) & 5 72 9|2 Linux RE CEEMHERE I NDHHBIZHOWTER L T
WET,

12.1 H—FILRE

1211 AEY—-F—/N—az v b

Red Hat Enterprise Linux (FfE#¥ETAEY — « F— "—a3 I v NOKENEMEL TV E
T, AFY—DRETHRIICRST2HEIT AT Y —EHEN LV PostgreSQL A A ¥
VANHERE T INDZ EEHSTED, AEY — s A= —a Iy FOKRITEIET X
EEZET,

K 80 A—"—a Iy MRE

T =)« IRT A —H T 74N ME | HESHE | EE
vm.overcommit_memory 0 2
vm.overcommit_ratio 50 99

121.21/0 Ry Pa1—35
— R AT A TIE O A7V a—T7 OEREFIMELWEBbvE T, — i AA BN
2N AT ATl deadline IZEF4T 52 b HETLET,

#l 1821/10 A% Y =2—F % deadline iZEX (/etc/grub.conf 7 7 A V)
kernel /vmlinuz-2.6.18-274.3.1.¢el5 ro root=/dev/vg00/Ivol1 elevetor=deadline

12.1.3 SWAP
TEDLRTAT T T MEFTIZATY —NICT R AZHMERFT D720, T—FL - X
7 A—% vm.swappiness |3 5 LA FIZ9 5 Z & BRI N E T,

# 81 AU v IH/E

INTA—H T 74N ME | HERE | B

vm.swappiness 60 0
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12.1.4 Huge Page

KB A U —B5E Cld Huge Page Z#fIHT 2% E#1T\ £ 7, PostgreSQL 9.4 DT 7
4V FEXE TlE Huge Page BWAIH CTCENIEFMALET, I—F L« XT XA —X
vm.nr_hugepages (ZIZFHHF A€V —CTEH I N AMEIELL EOY 1 X (2 MB HAL) %#4EE
LET, WEEENRETILEITA VAZ U ARBI=T —I27 0 £,

# 82 Huge Pages

INT A—=H T 7 AV ME | HESEE e

vm.nr_hugepages 0 | shared_buffers UL I

12.1.5 #EHE—F

NT7 =< A LOHHANPLEENET—FIFEHN LN LRI ET,
lete/grub.conf 7 7 A MZLL F O MY ZfRE L E T, &HHE T BIOS BRENLERLH
BdHHET,

* 83 AENE—F

INT A=K HELEE | W5
intel idle.max_cstate 0
processor.max_cstate 0

12.2 Z74IRTLRE

PostgreSQL [ZIA hL—Y E LTI 7 ANV AT LAEMHEH L, 2EO/NHE T 7 A4 V& A
BINHERR LET, ZDEDT 7 ANV AT LDOINT —< L AN AT LOPEREIC K X
AL ¥4, Linux BB Cll extd £7213 XFS 3l S £ 4,

12.2.1 ext4 {# A
F B R—Z e JGRAEAT 7 ANV AT LD~ T« 7 3L LT noatime,
nodiratime Z+E L £,

12.2.2 XFS {E FAFF
T HR—R G FGAEIHAT 7 ANV AT LD~ hA 7 3L LTnobarrier.

noatime, noexec, nodiratime Zf8E L £7
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12.3Core Z 71 /L

;T TV ERARRICAER I core 7 7 ANV ZEIINEHET, 2 TiE
Red Hat Enterprise Linux @ k7 7 /VfEHNT Y — L % fifi 5 T PostgreSQL 73 core 7 7 A /L %
AT DREEICOWTRIR LTV,

12.3.1 CORE 7 7 A JLH HE&5E
FEHETIL core 7 7 A VDY A ZHIBRN 01272 > TV H 7=, HIRZMERL £,

O limits.conf 7 7 A /L DfE
letc/security/limits.conf 7 7 A MIZLL FDO x> F U —ZBIML £7,

postgres - core unlimited

[0 .bashrc 7 7 A L DffLE
postgres = —#—D{HOME}/.bashrc 7 7 A ML FDOT > b —ZBML £3,

ulimit -¢c unlimited

12.3.2 ABRT IZ & % Core HE

Red Hat Enterprise Linux 6 (Z13/\7 « L AR — NMILE 2R %2 HEIMICINET D Auto
Bug Reporting Tool (ABRT) 2#5# S4#vE L7z, ABRT I ZHEHER /2 A > A N —/LTHEI
WCEIEL TWVWET,

O =R+ RXT A =X DOHE
ABRT 731 A =)L ENTEREETIX, I —F/L « /3T X —# kernel.core_pattern 7°
UTOREICERESNTNET,

| lusr/libexec/abrt-hook-ccpp %s %c %p %u %g %t e

ZD7= Core 7 7 AN ERREND E ABRTIC7 7 A VNENESNET,

O 74 b7 NUOERKE DR E
Core 7 7 A /WIFHEHETIL fvar/spool/abrt 74 L7 R Ui EanEd, 417 b
J 284 51213 lete/abrt/abrt.conf 7 7 4 /L' DumpLocation /37 A —X %55 L
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7

£7,

=Ju

R
i

%] 133 74 L7 b U OERL L ABRT
# mkdir -p /var/crash/abrt

# chown abrt:abrt /var/crash/abrt

# chmod 755 /var/crash/abrt

# cat /etc/abrt/abrt. conf

DumpLocation = /var/spool/abrt «— HATF4s LY +Y
MaxCrashReportsSize = 0 — T7AI - A XDOFIR%E L

(0 ABRT /v /7 —VRE
BHETIZEL SN CWenWT /7 A0 Core 7 7 A WTAERSNETA, ZOHIIR
% fg Br 9 5 7= ¥ 1T 1L letc/abrt/abrt-action-save-package-data.conf 7 7 A /L D
OpenGPGCheck /X7 A —4 % no [ E L 7,

Bl 184 B EShTWwiawnwrue 755D Core H1T 3
#t cat /etc/abrt/abrt-action-save—package-data. conf
OpenGPGCheck = no

O ZOfhoRE
lete/abrt/plugins/CCpp.conf 7 7 A /LI Core 7 7 A IV DER /N —NRT +—~ v b
PHRELET,

5] 135 Core 7 7 A VERE
# cat /etc/abrt/plugins/CCpp. conf

MakeCompatCore = no

SaveBinarylmage = yes

ABRT ® # # X UL F o URL % % B L T < 7 & v ,
https://access.redhat.com/site/documentation/ja-JP/Red Hat Enterprise Linux/6/html/

Deployment Guide/sect-abrt-configuration.html
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12.4 #0fth

12.4.1 SSH

L7V r—va VEBRETIE, T4 7 e DXy V7°%ﬁ’¥7ﬁ'¢57‘: |2 recovery.conf
7 7 A )LD restore_command /X7 A —ZBMEHSNES, ZZWZET— AT Ty
ANOatv—Havry FE2EibLET, 774~V - RAMIscp AvY RT/RAY— R
LTERTE DL IICREEZITVET,

12.4.2 Firewall
T7AT c Ud—NEFERATLEAIEe— IV TCP R— | 5,432 (V37 A—4 port) (T
x4 DA LET,

12.4.3 SE-Linux
B ClE SE-Linux & PostgreSQL DOflAE OISOV THHREZRFES WL 9 12 2
¥ 9, Permissive £ — RE 721 Disabled £ — RIZRET S Z & B —{RATT,
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fTix. S%EXE

11671 Z&

PostgreSQL ([Z DWW THHIZ 5 3E

R 84 BEEOEH

BoEHRTT,

A EH (WOPRIE) Hct: =
R RS vk
e IR
. B St ¥
PostgreSQL fHUE AT %5 3 hit ik B
Vefg K
i R (FE)
PostgreSQL &#%RE/ N1 7 /L AR e Betfratam
PostgreSQL 9.0 High Performance | Gregory Smith PACKT
o Zoltan Boszormenyi PACKT
PostgreSQL Replication
Hans-Jurgen Schonig
Simon Riggs PACKT

PostgreSQL 9 Admin Cookbook

Hannu Krosing

{7£% 2. URL

PostgreSQL (Z D\ T&#5(272 5 URL OIFH T,
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# 85 %725 URL

P4 b

URL

PostgreSQL HAGERR K% = A > K

http://www.postgresql.jp/document/

PostgreSQL AR N = A > b

http://[www.postgresql.org/docs/

PostgreSQL Internals

http://[www.postgresqglinternals.org/index.php

PostgreSQL Deep Dive

http://pgsqldeepdive.blogspot.ip/

G =T = AT — H R— ZJEUEZ
Bl

http://www.oss-db.jp/ossdbtext/text.shtml

H A& PostgreSQL = ——%2

https://www.postgresql.jp/

Let’s Postgres

http://lets.postgresql.jp/

PostgreSQL = > % —7"F 4 X
V=T A

https://www.pgecons.org/

EnterpriseDB

http://www.enterprisedb.com/

Michael Paquier - Open source

developer based in Japan

http://michael.otacoo.com/

PostgreSQL 1%, SELECT ©, v v~
TS

http://d.hatena.ne.jp/chiheisen/20100310/126823
8033

190

© 2013-2014 Hewlett-Packard Development Company, LP.


http://www.postgresql.jp/document/
http://www.postgresql.org/docs/
http://www.postgresqlinternals.org/index.php
http://pgsqldeepdive.blogspot.jp/
http://www.oss-db.jp/ossdbtext/text.shtml
https://www.postgresql.jp/
http://lets.postgresql.jp/
https://www.pgecons.org/
http://www.enterprisedb.com/
http://michael.otacoo.com/
http://d.hatena.ne.jp/chiheisen/20100310/1268238033
http://d.hatena.ne.jp/chiheisen/20100310/1268238033

7

LHERE

LR

hi& H f+ VERLFE Bl

1.0 16-Jul-2014 | EHELE NP % VERK

© 2013-2014 Hewlett-Packard Development Company, LP.

Uk

191



© 2013-2014 Hewlett-Packard Development Company, LP.

192



