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PostgreSQL 5 . FH A5 7 1) 4 42

Connectors

Ruby (Native)

libpq (C API)

PostgreSQL
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LA P PR A

Limit Value

Maximum Database Size Unlimited
Maximum Table Size 32 TB
Maximum Row Size 1.6 TB
Maximum Field Size 1 GB
Maximum Rows / Table Unlimited
Maximum Columns / Table 250-1600
Maximum Indexes / Table Unlimited
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PostgreSQL AR 1%

o I TIEH PEXT B A4 FR

Table or Index Relation
Row Tuple
Column Attribute

o (HfX AR

Data Block Page (when block is on disk)

Page Buffer (when block is in memory)
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postmaster

Shared Memory

Shared Buffers WAL Buffers Process Array

bgwriter stats archiver
collector

Archived
WAL

20126£3 417H 11 Unit 1: PostgreSQLA%-CrZE # 3L Al



Creative Commons Attribution License

L e SR

-~¢onnect

work | work | | work
mem Y] mem | ‘4 mem
postgres postgres postgres

' ' '

shared memory
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o AT (Commit)Hi
—- WA H RN

o AT (Commit))5

— AT I EE B ML TE N (7 (shared memory) 5 ARG 4% i (write-
ahead log . 1%)

o Kt i (Checkpoint)Z J&
— B s i NI = 17 (shared memory) 5 A 2153 SO
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modified pages I><l updates

Shared Buffer Cache
(shared_buffers)

Write-Ahead Log

(wal_buffers)

commit

\ (fsync)
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¢ PostgreSQL 7EUnix / Linux FAE A —A 5 & R
(daemon) , fEWindows 45— k%% (Service)

¢ a1 PostgreSQL 1R DL A B ds SCA 420 ) T —1~08
[
OS H PRI & H P K P 3 R A& (un-related )
2% e, OS H P AGE Zrootal A #fE R 40 HAL
SR PPk
£ Windows I HSZHFENTFS(RHANTFS N A S HFf r £ 4%
A]) .

20124E3H17H 18 Unit 2: PostgreSQL % %% f WA 45



Creative Commons Attribution License

o BT KA

http://www.postgresql.org/download/linux/#oneclick

¢ RPM & DEB it il ‘&3¢ (A HFWindows)
http://www.postgresqgl.org/download/linux/#multibinary

o HAERG H W B

& UEACH S 1 2 e
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Setup

y Setup -PostgresqQL

Welcome to the PostgreSQL Setup Wizard.

PostgreSQL

Packaged by:

Enterprise D"

The Enterprise PostgraS0L CGompany

| < Back || Mext = || Cancel |
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Stack Builcer 3.1.0

Welcome to Stack Builder!

This wizard will help you install additional software to
complement your PostgreSQL or EnterpriseDE Postgres Plus
installation.

To begin, please select the installation you are installing
software for from the list below. Your computer must be
connected to the Internet before proceeding.

:PastgreSQL 9.1 chportt v

Proxy servers|

Bacl MNext = @ Cancel

20124E3H17H 21 Unit 2: PostgreSQL % 2% fe U254
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Stack Builder 3.1.0

Flease select the applications you would like to install,

ey e
v = Web Applications
[T Drupal 6 v6.19-1
¥ Drupal 7 v7.7-1 (installed) —
¥ mediaWikivl.17.0-1 (installed)
W phpBB v3.0.9-1
¥ = Web Development
¥ Apache/PHP v2.2.20-5.3.8-1 (installed)
W phpPgAdmin v5.0.2-1

1>

< 2

PostGIS "spatially enables” the PostgresSqQL server, allowing it =

to be used as a backend spatial database for geographic ~
information svstems (GIS), PostGIS follows the OpenGls |
. <Back || Next> | | @Cancel |
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PostgreSQL H 3 45 1)

/opt/PostgreSQL/9.1
| bin
| data
| base
| global

_ pg clog
_ pg xlog

| pg tblspc
| postgresql.conf pg hba.conf

| doc

| include
| installer
| lib

| share

20124E3H17H 23 Unit 2: PostgreSQL % %% f WA 45
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/opt/PostgreSQL/9.

10432
ata |
L dat base 10441
| 12513 12743
13091
— pg_tblspc 16334 (tablespace OID)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (symbolic link)
/Postgres/tblspace/ _
__ 12505 10467
10472
a7 125057 ER A (default) ) AT H - H
i€ X (user-defined) ) 2% 7] h #5G % — 13875
— 12513
| 13911

20124E3H17H 24 Unit 2: PostgreSQL % %% f WA 45
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B S AAE 7 3

o RE—ANKRMZRGIARAT R B 2 s SR
— e R ECR 54 s (filenode) 2
— 4 sl (filenode) g 5 1] LL#Epg_class.relfilenode ' & &

e [ (Segments)
— %é’%%@l%@lﬁﬁﬁ 1 GB g4 57#) 4 gigabyte-sized K/
X
— F B LR i (filenode) g5 i 44
~ FALL R FERE U R 44

filenode.1, filenode.2, 254,

Unit 2: PostgreSQL %224 K U485 1)
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R i

o i\%;ﬁ%%%ﬁ%ﬂ%vﬂwﬁ%YEE%ITEEH&%%%E A1) A IR AT )
7] et
PATH — 2045 7] IEAf 1 bin H 3.
PGDATA —A 2045 [n] 1E 0 ) B 52 & 5201 H 3%
PGPORT —hZit 4 [n] 1A IR A5 b 4 5 SEA9Is A 7 1) g 11
1504 .bash_profile 31, WEAE
& Windows I, 183 3 1 H i 110 8 M 01 ik B IR U A AR
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ST R

¢ B— PostgreSQL IS A — N s 45 S S

o ﬁi&iﬁ HoR i, Har e 7T s SO AEE B3

s H & A A

15

6 — MRS ER AT DU H 2 AN AR 5 S
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T BB AR & S

e =T
SR

¢ FHinitdb GE IR S LB, LIEHJOSH FigtT, &
AP RIS AT I (Rl SE

initdb —D <data directory>

-D <data directory> - Database cluster directory

-U <super user> - Select the database super user name

-E <encoding> - Specify the database encoding
-n — No clean (do not clean up files in case of failure)

6 BIEE T — MBI E G SEH 2 J5, 1528 postgresql.conf
F1 pg_hba.conf 4

¢ ffifr7Epostgresql.conf3C 1 Hh A iX AN Edfs AR & Se i o0l 1
—ANME— 135 15 (port # )
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PostgreSQL & 81 J2 45 11(1)

é Linux:
/etc/init.d/postgresql-9.1 <start|stop|restart|status|reload>
service postgresql-9.1 <start|stop|restart|status|reload>

¢ Windows:
B TFaR-> 45 fil T b-> 5 P T 2> k5%
$PGHOME/bin/pg_ctl <start|stop|restart|status|reload>
[options]

20124E3H17H 29 Unit 2: PostgreSQL % %% f WA 45
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PostgreSQL & 31 }2 15 11(2)

¢ i I pg_ctl 2%
-D <data directory> - H#z 44 5261 H 5%
-| <log file> - ¥ H 255t 245 € 1 A
-m smart — Z-AF 57 Im T T IE R (BRA)
-m fast — R5EHITT tx [FRE, Wit 5 bk
-m immediate — AT IEIERE, B FERE TR K]

20124E3H17H 30 Unit 2: PostgreSQL % %% f WA 45
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1 FH psqliZe £ 21 20l ¢

W R 1 B PE AR v] LB IS 4 52 -d DBNAME eI BEE . ERE I 7 a] LR & —
UZ RS, XA/ 21T M F7E = [DBNAME [USERNAMET]].
pgdba2000:/opt/PostgreSQL/9.1/bin # ./psql -U postgres template1
Password for user postgres:
psql.bin (9.1.3)
Type "help" for help.

template1=#
£ psql &1EH, R E a0 R a4 228 \c[onnect] [DBNAME
[USERNAME]]”

templatel=# \c postgres test
You are now connected to database "postgres" as user "test".

postgres=>

DBNAME F! USERNAME ZRi\ 23 4E 24 H
20124E3H17H 31 Unit 2: PostgreSQL % %% f WA 45
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LRI E S

o EENCE M postgresql.conf

¢ postgresql.confilll & AL H 5+

o FEAHAREES SLBIHA —>postgresql.conf 3 F
¢ S it rrestart 4 ARk

20126£3 417H 33 Unit 3: PostgreSQLHAL & 43l
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{rSessionifil# R4 =3

o ST SET iy & {EsessionHH 11 &
postgres=# SET work_mem = 8192;

¢ SHOW 2w LT &F s oh A H1i
postgres=# SHOW work _mem;

¢ ifinlpg settingsZidh L n] U4 H AT 250 )15 5
postgres=# SELECT * FROM pg_settings;

20126£3 417H 34 Unit 3: PostgreSQLHAL & 43l
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EFLW A

¢ postgresql.conf SCAFH AN MME R E T EZRE:
listen_addresses (string)
BB NS5 A T RO ] T IERE B TCP/IP Mk
port (integer)
W RSS2 MW I TCP i 1 BRIA /25432,
max_connections (integer)
RIE TR B EE R 55 1) B T R R
superuser_reserved connections (integer)
RIE T N B 7 R Ok B R R A
unix_socket_directory (string)
W RS 48 M WT IE 2 Unixds 2242 7 (Unix-domain socket) H 3% . ERIA
T 2 tmp
unix_socket_group (string)
% B Unixis £4% 7 (Unix-domain socket) i it & 4.
unix_socket_permissions (integer)
B E Unixdd &£ 4% 7 (Unix-domain socket) )5 1] A FR.

20126£3 417H 35 Unit 3: PostgreSQLHAC & ST FE Al
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A MNUE B B

¢ postgresql.conf SCAFH I MME B T 2R E
authentication_timeout (integer)
o WA ST i AR IR SR IR [H], AR O A
ssl (boolean)
¢ JF)a SSL i##:.
ssl_ciphers (string)
¢ WHE A SSL — RIIAE AL SR VAL T 2 AL
password_encryption (boolean)

6 Y4 CREATE USER = ALTER USER % & 251 %A 5
ENCRYPTED 5 UNENCRYPTED /&, iX &30 v 58 B 08 : 200
2 BRI Eon (b 2565 ).
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NATF LA

¢ postgresql.conf 3CAFH N M5 ERE T WAF R E:
shared_buffers (integer)
6 VE BRI i shared memory buffers i) N A7 K /.
temp_Dbuffers (integer)
o BB RENEE A 1AL ftemporary buffers [ 45 KA.
max_prepared_transactions (integer)
6 W E DL AE“YE & (prepared)” IR A 1 d oK 4550
work _mem (integer)
o UE NP EREAN Hash AT UG8 F i IR gt 3OO 22 i A5 ) A7 R0
maintenance work_mem (integer)

6 WEAELE A E AR ) s K N AR 19 i VACUUM, CREATE INDEX, Al
ALTER TABLE ADD FOREIGN KEY.
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¢ postgresql.conf XA U MME B PE T W IR E
shared_preload_libraries (string)
J iﬁ%ﬁ‘ﬁ%ﬁ-’? ) — AN B 22 A Ik 254 Je 200 () IS i TS 2 2 g 3 =
.

Note: il il Fiise kst — NI 4 ATy LLIEE 0 28— XA
KA PERT I T . AL, )8 B AR IR 55 e 3 RE Y i W) ] e
S, ROERERE AR A A P L X BE A . DA I AT
SUR ORI B8R40 K 22 B2 1l A ) P26 A4 st P XA e 33
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log_destination: stderr (default), syslog, eventlog(Windows)

redirect_stderr: true/false — i3k J-#stderr & i% #log 3 £

log_directory: *redirect_stderr ¥ 3 I, & ik E H & SO B
log_filename:*Yredirect_stderr 71 /3 B, & 15 E H & SO 4 RR

log_rotation_age: logft) 4= iy B (LA 84 B4z ), 4k s fal gt 2= Gt — AN log ST A
log_rotation_size: log )5 K K/NEAKB A HLA7), =l i oK /Mt 2 G — N8 ilog ST A

log_truncate_on_rotation: 75JE T+ I [a] 1 H &G, it HAE R B A G R H &, A ZE D

20126£3 417H 39 Unit 3: PostgreSQLHAL & 43l
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client_min_messages: ¥ it A £ 115 S Zi(message levels )il /7 58 k1% 2% F i o
RINENOTICE.

log_min_messages: = filfl- 4 FE 11115 E % (message levels )il 75 %2 k2% I ik 25 4 it o
BRINENOTICE.

log_error_verbosity: TERSE,DEFAULT or VERBOSE

log_min_error_statement: 4 filsqlifi f1J T B A 172 il K B RS- wsWlogH, ERIA
Z=ERROR.

log_min_duration_statement:#fi :& 24 ik 2 /bmilliseconds x| &3 Tlogid =%

20126£3 417H 40 Unit 3: PostgreSQLHAL & 43l
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log_connections: & — ) B il sk B Rk 55 2 H &
log_disconnections: & — kWi FFiEHeAR i sk Bk 552 H &

Iogﬁdgr%ation: VLI [RITR] R, 508 R PR PRA T IS TR I Ik I 1) 1) Bl 2>
PIC K.

log_line_prefix: faVFIRAERE D HISAT I IT 4Rk th LA ) — 28204,
a4, dhReid, I IRBEE.

log_statement: il AFERITE A S H0C S . SIARE BT,
mod B all.

20126£3 417H a1 Unit 3: PostgreSQLHAL & 43l
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6 H WAL RS A Bt R U5 & 5 ZERE (background writer).
B Dy e ST L X A (dirty)” Eods 1R B A

¢ WEFEGUHRENZE:
bgwriter_delay (integer)
¢ WEHEGENEHTKEN 2R, EIAEZE 200 miliseconds
bgwriter_lru_maxpages (integer)

¢ R, NEEXAZNEMORE G G 5 S AN
WA R BN O R M S 6 5 (R A i B AR )il A4 i A2 100422
X (page).

20126£3 417H 42 Unit 3: PostgreSQLHAL & 43l
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VACUUMIF4Y % &

¢ {EPAT VACUUM FI ANALYZE 41, i NS5 e vras B Db
/O I 5 B0 2 PR 532 M0
vacuum_cost_delay (integer)
¢ LIZFb(milliseconds)yHAr, Wi 7 ITAHRRE], I8 AREFERIEIR —25 Lo
vacuum_cost_page _hit (integer)
6 THHE AR A BB ) 22 v X B T T o
vacuum_cost_page miss (integer)
6 THHE - ABRIEL FET B DR T T
vacuum_cost_page_dirty (integer)
¢ THEBIC AR TR R I T
vacuum_cost_limit (integer)
¢ FEUSFHBERRRIRIA B ITH .

20126£3 417H 43 Unit 3: PostgreSQLHAL & 43l
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AutoVACUUM &

¢ MBS T autovacuum FFTERIAT N -
autovacuum (boolean)

o RS AR T EIE T H 3hiE 2 5 97 8E R (autovacuum launcher
daemon). ZRikjEon

log_autovacuum_min_duration (integer)

¢ 4 HEBNE P (autovacuum)PAT L — 2 B[R] (milliseconds) 2 J5, 7
EONRE— A 3G BT I EE T H e 3. i & M A0,
s P 10 B 3075 2 45:4F ( autovacuum actions)

autovacuum_max_workers (integer)
6 UCEAEARAT NN IR RS VRAAAE B B 3G PR (AN 2 B 2l B

P13k (autovacuum launcher) )ER A2 3.

20126£3 417H a4 Unit 3: PostgreSQLHAL & 43l
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B PEXS B R R Gk

Database Cluster

Role/Groups Datab%
(Users)

T

Table View Sequence Functions
Column Constraint Index Trigger Rule

20124E3417H 46 Unit 4: PostgreSQLE# 212 i 457
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f S Pk A2 (1)

6 PNEENATEERKICK, TN RAeSRN B EREERL.
6 E AR I i an S A T B AT B 25 A4, TR AR R A X
Ak #17(Schema Search Path)#k i@ 25 o] AR 2L 42

o fltn:
SELECT * FROM employee

¢ XKIEANE LB B B IR 1S (search path) 41 H 55— M
[\lemployee#

20124E3417H 47 Unit 4: PostgreSQLE# 212 i 457
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P (B EHZE%ﬁ:( )

\ﬁﬁz%’étﬁéf‘ﬁﬂ H AR DLlﬁiﬁZélﬁﬁ?I‘Eii(current schema) . “BIBR T &bl 1 eI R 4
| i Ji- fECREATE TABLE fir 4 Hofir ¢ G 2RI 1 S5 BN gt 11 5!'%/ RS

NH@%

o BIEFHARATAIEN M a4
SHOW search_path;
FEER VB L BRI [
search_path

"$user",public

A T S 4 O A R A2 I AT MR, XA TR
T R L RS ST ;

R3] e SCRyF e s UB B g 42 rh, al L
6SET search_path TO myschema,public;

20124E3417H 48 Unit 4: PostgreSQLE# 212 i 457
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SENL A E

o Kl Mg R G T AN

6 H P Ll SQLATS “CREATE USER”=k “createuser” T H.{
e
Bl
CREATE USER scott PASSWORD ‘tiger’;
CREATE USER scott dba CREATEDB CREATEUSER;

CREATE USER scott edb VALID UNTIL ‘2013-03-017";
DROP USER scott CASCADE;

2012¢E3417H 50 Unit 5: POStgFGSQL*RKE&?%%@fE
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N ANENED SR

Database Cluster

=T~
|

Database

Usérs el

Table

View Sequence Functions

2012¢E3H17H 51 Unit 5: POStgFGSQL*RKE&?%%@fE
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PR PR I T

26 [R5 I A PR iF GRANT FI REVOKE SQL i A1 F1 A0 .

i

GRANT UPDATE DELETE ON emp TO scott temp;
GRANT UPDATE chgdesc ON jobhist TO scott;
GRANT ALL ON dept TO GROUP scott edb;
REVOKE UPDATE DELETE ON emp FROM scott edb;

GRANT USAGE ON SCHEMA postgres TO scott;

2012¢E3H17H 52 Unit 5: POStgFGSQL*RKE&?%%@fE
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N HFE PP V5 7]

o PETI N FRE Sy IR Vi Jn) 1T LAJE I % A postgresql.conf A
pg_hba.conf® AN SCAF A K1 7 2 2 S 3l

¢ ft postgresql.conf i & U~ =4
listen_address
max_connections
superuser_reserved_connections
port
unix_socket_directory
unix_socket group
unix_socket_permissions

2012¢E3417H 53 Unit 5: POStgFGSQL*RKE&?%%@fE
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pg_hba.conf ;[ #l

o AHbij M HHl(Host based access)
i (B ip / subnet) IAUEHL T (authentication mechanism)
Wk ip / subnetiZs T i1 DA E S
16 25U 5 B4 postgresqlitf Treload

# TYPE DATABASE USER CIDR-ADDRESS METHOD

# "local" is for Unix domain socket connections only
local all all mdb5

# IPv4 local connections:

host customer readonly 62.124.15.9 md5
host all all 127.0.0.1/32 md5
host all all 0.0.0.0/0 reject

# IPv6o local connections:
host all all ::1/128 reject

2012¢E3H17H 54 Unit 5: POStgFGSQL*RKE&?%%@fE



Creative Commons Attribution License

O

O

O

AT LU I B pgpass SO S IR PR e i H ) % B
Linux: <HOME>/.pgpass, 23k A BR0600

Windows: %APPDATA%Y\postgresqgl\pgpass.conf
#% X

hostname:port:database:username:password

A5
localhost:5432:postgres:scott:postgres

2012¢E3417H 55 Unit 5: POStgFGSQL*RKE&?%%@fE
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pg_dump IETi

-a — Data only. Do not dump the data definitions (schema)

-b — Include large objects in dump

-s — Data definitions (schema) only. Do not dump the data

-n <schema> - Dump from the specified schema only

-t <table> - Dump specified table only

-f <path/file name.backup> - Send dump to specified file

-Fp — Dump in plain-text SQL script (default)

-Ft — Dump in tar format

-Fc — Dump in compressed, custom format

--inserts — dump data as INSERT commands, rather than COPY

-0 use oids

20124E3H17H 57 Unit 6: PostgreSQLE i 251 Mk =
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pg_dumps 1 5£451(1)

¢ pg_dump -U postgres -s -Fp -f /tmp/postgres schema.sql postgres
it postgres Hi /7 & i B postgres/Z:, ¥ T 58 45 74 554 2]

postgres_schema.sq|

¢ pg_dump -U postgres -a -b --inserts -Fp -f /tmp/postgres _data.sq|l
postgres

i i postgres ] F & [ 3l postgresZE,  F1#1 A EukE il idinsertiy 22517 3]
postgres_schema.sq|

¢ pg_dump -U postgres -b -Fp -f /tmp/postgres_all.sql postgres

it postgres H 7 Gt #llpostgres)4, FFK i3 38 45 74 S 24 il i &7 2]
postgres_schema.sql, 4+ %#: 5 H kK COPY1 /j

20124E3417H 58 Unit 6: PostgreSQLE i %51 Mk =
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pg_dump’k

¢ psql -U postgres -f /tmp/postgres _schema.sql postgres

i it postgres | /7 % fili £l postgres)#, FKf/tmp/postgres_schema.sqlk & ]
postgres /¢ (1 i il it pgAdmin3#] FFSQL B #:4447T)

¢ psql -U postgres -f /tmp/postgres _data.sql postgres

it postgres H /- & fili #llpostgres /4, I K /tmp/postgres_data.sqlPk & 2|
postgres /¢ (1 i il it pgAdmin3#] FFSQL B #:4447T)

¢ psql -U postgres -f /tmp/postgres_all.sql postgres

iH it postgres H J & [iti #lpostgres /%,  Ffkt/tmp/postgres_all.sqltk & #lpostgres
E(A RS pgAdmin34T HSQLE #4047, COPY il id stdinidt477)
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pg_dumps& 13 sS4 (2)

pg_restoreik &

6 751r: pg_dump -U postgres -t emp -t dept -Fc -f
/tmp/postgres_all.backup postgres
Wit postgres H J & il postgres /%,  FF44 A 2= 46 ) S s 1 1 s s 4 ) 2%

3 Fpostgres_schema.backup

¢ HE: pg_restore -U postgres -f /tmp/postgres_all.backup postgres
i i postgres ] F & [ 3l postgresZE,  F146 T 28 45 he) S A 18 1 Fodi A
postgres_schema.backup ik 5 2254 14 (H T e SO & A FH-Fe 224,
AN eI I psqlEkpgAdmin3 I SQLYw i a4 4T I, (H 1] ik pgAdmin3|[¥]
Restore % LI T Hidi Pk 2 45 4F)
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pg_dumpall £ 7 52 45

¢ pg_dumpall -U postgres -f /tmp/pgdump_all.sql
Password:
Password:
Password:
Password:
Password:

o LH:ﬁi/\tHfJ”%/\Password X7 T pgdump_all I/z:\XT NE
5 iﬁﬂ%ﬂ'ﬂ, (S0 \—/\%@ETEE@%‘ %‘élﬁ? FOFTERSNE .
nJIH ok ¥ B pgpass O Uk T 2 LI

o IR H psql -F2HE A T4 5 A
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PostgreSQL
2| - Day2

o LIRS A B R
o IBAT I YEYE B

o« AFARIRE 2O

o R PEHERE LA

- Hot-Standby and Stream
Replicationfiij /i

e Al PR SRR A A

SR & ARy

- SRR REREIAL T A
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Point-In-Time-Recovery(PITR) i Week2/[#) JHR45WAL
BE T I TR) R P B BEATE R R

g% > P >

Week1 WAL -7y Week2 HEWALEA
Week1 Week?2
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¢ 37 Hx/opt/PostgreSQL/9.1/archive
Jopt/PostgreSQL/9.1/full_backup3f{# & 11)& T postgresH /7 %
postgres4i

¢ Bpostgresql.confit] UL S%
wal_level = archive
archive_mode = on
archive_command = 'cp %p /opt/PostgreSQL/9.1/archive/%f’

¢ Restart/l[} %544

20124E3417H ss  Unit 7: PostgreSQLIE T If 18] 5t 2 Pk &
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¢ SELECT pg_start_backup(‘'FullBackup');

¢ tar zcvf /opt/PostgreSQL/9.1/full_backup/week1.tar.gz
/opt/PostgreSQL/9.1/data

¢ SELECT pg_stop backup();

20124E3417H s Unit 7: PostgreSQLIE T I [a] 5t 2 Pk &
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AT 2 R R

¢ fHBR/opt/PostgreSQL/9.1/datatbiftl Hdhs Z= 2 (Bkr Ik H sk 44)
¢ tar zxvf /opt/PostgreSQL/9.1/full_backup/week1.tar.gz -C /

¢ 37 /opt/PostgreSQL/9.1/data/recovery.confii A LL K %
restore_command = 'cp /opt/PostgreSQL/9.1/archive/%f %p'

recovery target time ='2012-03-18 09:40:00°
VEE: A AESELECT pg_start_backup('FullBackup'); /1142 J&7

20124E3417H s7  Unit 7: PostgreSQLIE T If 8] 5t 2 Pk &
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VACUUM(1)

& XJ—47[f) UPDATE X DELETE #4E JEAS L RIIER AT
[FITH TR (old version). X Al st T-15 31 22 i A 443 16l
(Multi-Version Concurrency Control) i 4k J& A EE 1

o (HuZdp)m, — LI A MIER B9AT B IHRCASS T R e
B, IREEAT B oy ) 20 ) i 8 2 D AT A T
ORI AR R A 2 TR F) AN BT ) K

¢ iHiT VACUUMR M 7K .
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VACUUM(2)

¢ EE?LJTIL/\VI AR Wi 4T PostgreSQL [
VACUUl\/l i

. U(EJZE%%B% % BT B I BR FAT B oy B 2 T
2. E%ﬁPostgreSQLﬁiﬁl AR i gt 2500

3. G [K 345 ID #E S (transaction 1D wraparound )i 1l i 2 1H
B £k

¢ VACUUM 1IhrtE ] AR AR =504 FE I e E 1712

1T. 1 SELECT, INSERT, UPDATE, #1 DELETE 4 H& 5
#ﬁ
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VACUUM(3)

¢ VACUUM iy & H HAIEA.

6 F—MIEXEZVACUUMAT %
Xﬁ%ﬂ%ﬁ%l 4 I $i4iE (dead data)fit—AMFric, DUERE SR A .

UEETAR I L e % e

¢ F ML Z&VACUUM FULL%7 4% :

VACUUM FULL KA T —Fh SRR B (1 S92k (R e 5 H 1 258
#VACUUM FULLBE ) 25 [apBs A7 R R [D] 45 e R 4t
FEVACUUM FULLHAT IR I, 75 XS B4 1 32— e 8

¢ 1575 VACUUM [ FULL | FREEZE ][ VERBOSE ] ANALYZE [ table
[ (column |, ...]) 1]
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VacuuM FuLL

Original Heap
With Expired
Rows Identified

Move Trailing
Rows Into Expired
Slots

—_————.————

Truncate File

e e —— ———

_————h

K. http://amevor.de/wp-content/uploads/2008/05/vacuum_full.GIF
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REINDEX

6 TEFELRENN, IRAMEAHIREINDEX 4 & B Hh B g 22 5]

¢ {EPostgreSQL 7.4 2 JG A, JIBES5E 4k 712 5 | DU 24
P LR R . KT RETEA R TGS I — Hee WS L2 RS T
[ 22 /DA — VB — (R IXFE A R, AT Be AR (A
- HE R B PE ) B & 5 | (reindexing ).

¢ REINDEX{ TABLE | DATABASE | INDEX } name [ FORCE ]

Ee: REINDEX &8 kR EXT 52 HFIEXCLUSIVE LOCK, M-S
write & (F1£ 22, 1HX] Freadertz(F2 NEL 15211,
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ANALYZE

¢

PostgreSQL i) ikl 251k ## T-ANALYZE iy & TS I Ge 5
. ANALYZETRTLLEATfilR, 8ifE 5 VACUUMI—Nrlik
2R

AT LT ANALYZE G A4 A [, HEaE i g
17, BTEL, WIRAROR G 3, (R AT A oLis M 5 7 Skt
TR, A 4.

A UR B R — s PR Y W I ANALYZE, 2R RERAE &
FAKEA W IAxIZAT—IK

ANALYZE [ VERBOSE | [ table [ (column [, ...])]]
VACUUM [ FULL | FREEZE ][ VERBOSE ] ANALYZE [ table [ (column

2012@3)5][’17"5] )1 74 Unit 8: PostgreSQLiz 1T IRk =g
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AR SSIDEE

Transaction ID Wraparound

¢ PostgreSQL¥) MVCC &5 BB M T Lb 8 355 ID(XID) 1%L
. —5E KT YR 5451 XID A XID BIAT A 248 T
RKHI(in the future)”,  FFH AN A4 0] WL, (HIZ 5
4 ID RN E IR (FEFRAT S IX L 2 32 A7), diR—x
PR & LS T RRK CRTF 401255, Akl
P HF % ID FEH) )8

& N T RESIXMIG DL, B AR R AR B AL I AR 2
VACUUM—X.
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WFEE S

¢ PostgreSQL fmfFFHF' QEXEI’JU%( bTHﬁH%ﬂ&jzt
O R S5 x%lxﬁ&ﬁVﬂi_EI’J%m/éj:%rHﬁﬂﬁﬁﬁﬁ@IZI%IE’J
JZETIZIKEI’J SR b 3K AT 55 0 8 247 — AN R0 ] A BRI LE 4
T ARk (handler )b #E

¢ PostgreSQL Y SZFF 2 AR AER L R E S
PL/pgSQL
PL/Tcl
PL/Perl
PL/Python
PL/Java
PL/Ruby
HoAR v = T L H 2 X
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PL/pgSQLZE#4(1)

¢ PL/pgSQLm*ﬁPﬁ%éﬂ’J(block structured)El’JL PRIEE LI
Bt SCASRAR N, AHe 05
[ <<label>>]
[ DECLARE
declarations ]
BEGIN
statements
END [ label ];

6 BRAIIEEAFWIMEESETE A AN 5 2k, WA
?ﬁ%fﬁ% Aﬁ%% W4 END JEIRIAIRA N 705, ZZDLF)T
s NS AR R AR B ) END A LA ELZ AN )

20124E3H17H 78 Unit 9: PostgreSQLATfif i F2 S i



Creative Commons Attribution License

PL/pgSQL%E14)(2)

= — - = g

s

49
fi

& T MORHE A FbR AT (identifiers) il LK /NG TR
Ho WRBAXNG]S, RRFFEOA A N
¢ {t PL/pgSQLH MR
- AT
[* ZATTERE
o (EIRETIH AL T 7 B EE 0 IR AR s AR R IR RN IT)
I A (AN A2 A5 ¢ o8 B8 1 FH RIS i ) 2 470 43 A0 R RN
8 .
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PL/pgSQL =L

CREATE FUNCTION make it double(v_input integer) RETURNS
integer AS $$

DECLARE
v_double integer := 2;

BEGIN
-- This is a DEMO!
RAISE NOTICE 'Your input is %', v_input;
v_double := v_double * v_input;
RAISE NOTICE 'Our return is %', v_double;
RETURN v_double;

END;

$$ LANGUAGE plpgsql;
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iz 1T PL/IpgSQL T & V7 ) o E

postgres=# SELECT make_it double(40);
NOTICE: Yourinputis 40
NOTICE: Our returnis 80

make it double

(1 row)
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Triggersfifi & #%(1)

¢ H CREATE FUNCTION< 2414k

6 AASHENEM B 360 LA IR AR =
NEW
¢ i E RECORD; 1Z4F & AINSERT/UPDATE #:1EAEAT 2%
(row-level)fili & #% - ERA-— A0 IR PEAT o XA AR TR R
(statement-level)fil Az %5 H A NULL .
OLD

¢ KPEZEM E RECORD;1Z4 & N INSERT/UPDATE ¥AELELT 4
(row-level)fil & 2% LR AE—NH B FEAT « IXNR B AETE R
(statement-level)fil Az %5 H A NULL .
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20124E3H17H

Triggersfifi & #%(2)

TG_WHEN

o HRRALE text; 2l e R E TR, BAR
BEFORE %4 /2 AFTER.

TG_LEVEL

o  HIEBAE text; &Ml RAS € LPE AT e, ok
ROW %4 it STATEMENT.

TG _OP

o SR text; & ULPHMA MR S B E R AT R, Al
b2 INSERT, UPDATE 8#% DELETE.

TG_RELNAME
o H IR IE name; JEBE Ak AR I H 2R AR
TG_NARGS

o KM integer; JE{FCREATE TRIGGER iZ& ) H il ¥ fir
Ras IR S A2

83 Unit 9: PostgreSQLAZ i i & i ik
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CREATE OR REPLACE FUNCTION emp_sal_trig_function() RETURNS trigger AS $$
DECLARE
sal_diff numeric(7,2);

BEGIN

IF TG_OP ="INSERT' THEN
RAISE NOTICE 'Inserting employee %', NEW.empno;
RAISE NOTICE '..New salary: %', NEW.sal;

END IF;
IF TG_OP ="'UPDATE' THEN
sal_diff := NEW.sal - OLD.sal;
RAISE NOTICE 'Updating employee %', OLD.empno;
RAISE NOTICE '..0Old salary: %', OLD.sal;
RAISE NOTICE '..New salary: %', NEW.sal;
RAISE NOTICE '..Raise : %', sal_diff;
END IF;
IF TG_OP ="'DELETE' THEN
RAISE NOTICE 'Deleting employee %', OLD.empno;
RAISE NOTICE '..0Old salary: %', OLD.sal;
END IF;
RETURN NEW; -1 i [FINULLAS S50k [l 7R
END;
$$ LANGUAGE plpgsql;

CREATE TRIGGER emp_sal_trig BEFORE INSERT OR UPDATE OR DELETE ON emp
FOR EACH ROW EXECUTE PROCEDURE emp_sal_trig_function();
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fic & pgAdmin3 )5 HDebugger

¢ W’ postgresql.conf
shared_preload_libraries = '$libdir/plugins/plugin_debugger.so'

o HUH A BN EE FErestart
6 HUAT

lopt/PostgreSQL/9.1/share/postgresql/contrib/pldbgapi.sq
|
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Function Debugging(1)

4 RS lemplates () || |_|n| ;
- % Functions (21° -
| et nction: make i
@ pldbg_abor Mew Function..,
& pldbg_atta SaletEiDiEs OP FUNCTICN ma
% pldbg cont
% pldbg_crea Drop cascaded... E. R -REPLACE -F

£ pldbg depc  Reset function statistics l—lJRNS integer A
@ pldbg_drop . pebugging > Debug
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Function Debugging(2)

E - N make_it_double

Properties

Enter the required values for each parameter:

Name | Type |  wvalue |
1 [v_input integer 40
|| Debug package nitializer?

| &0k || @cancel |
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Function Debugging(3

Debugger - make_it_double

I Debug \iew Help
EED) @M B
DECLARE || Stack pane
v_double integer := 2; | make_it_double(v_input=40)@7
HBEGIN
-- This is a DEMO!

RAISE NOTICE 'Your input is %',
v double := v double * v input;

(%]

RETURN v double;
END;

e ] 2l
'U'u'tpl.it pane

Name Type Value

f-i'-.-'_double integer 2

|| Parameters Local Variables | DBMS Messages ' =

Paused at line 7 Ln 7 Col 1 Ch 140
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o ZRINKIERE ../data/pg_log
o K
il 155 B (General log information)
LOG: database system is ready
NOTICE: CREATE TABLE / PRIMARY KEY will create
implicit index "dept pk" for table "dept"
Hix(Errors)
FATAL: wuser “scott” does not exist
ERROR: source database "edb" is being accessed by
other users
#25 (Hints)
LOG: checkpoints are occurring too frequently (11
seconds apart)

HINT: Consider increasing the configuration parameter
"checkpoint segments".
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HAE R SR 4%

Linux
ps — HHTHERETIME B

ps waux | grep postgres (for Linux and OS/X)
ps —ef | grep postgres (other Unix)

netstat — 47 N 2% 3E #1015 B

netstat —an | grep LISTEN
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EeE R e b RE 4% (Linux)

pgdba2000:/opt/PostgreSQL/9.1 # ps waux | grep postgres

postgres 5818 0.0 0.8 51968 6684 pts/4 S 11:49 0:00
/opt/PostgreSQL/9.1/bin/postgres -D /opt/PostgreSQL/9.1/data

postgres 5819 0.0 0.1 13548 792 7 Ss 11:49 0:00 postgres: logger
process

postgres 5822 0.0 0.2 51968 1908 ? Ss 11:49 0:00 postgres: writer
process

postgres 5823 0.0 0.1 51968 1148 ? Ss 11:49 0:00 postgres: wal writer
process

postgres 5824 0.0 0.2 52512 2092 ? Ss 11:49 0:00 postgres:
autovacuum launcher process

postgres 5825 0.0 0.1 13676 1168 ? Ss 11:49 0:00 postgres: stats
collector process

postgres 5927 0.0 1.0 53904 7644 °? Ss 11:52 0:00 postgres: postgres
postgres ::1(39459) idle

postgres 5980 0.0 0.7 53232 5420 ? Ss 11:55 0:00 postgres: postgres
postgres 127.0.0.1(59832) SELECT

postgres 6053 0.0 0.6 52984 4876 ? Ss 11:59 0:00 postgres: postgres
postgres 127.0.0.1(59833) idle

2016081766202 0.0 0.1 3908 764 pts/a SNty BostgreSQdheds HF A HLAil
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Windows i FE I 453

F E windows Task Manager |‘:“E”Z‘1
| File Options View Help

| Applications | Processes |

Performance | Networking |

I
Image Name User Mame CPU  Mem Usage kot
postgres.exe SYSTEM a0 1,872 K
postgres.exe SYSTEM 0o 2,164 K
postgres.exe SYSTEM 0o 2,740 K
postgres.exe SYSTEM 0o 2,088 K
postgres.exe SYSTEM 0o 7,300 K
postmaste... SYSTEM 0o 3,680 K
: studio.exe  matth 0o 9,208 K
EviEng.exe SYSTEM iy 7,240 K
explorer.exe matth 01 26,184 K =
iFrmewrk.exe matth 0o 6,216 K
jusched.exe matth i 2,036 K
|sass.exe SYSTEM 0o 1,984 K
mm_tray.exe matth 0o 4,088 K
mmtask.exe matth 0o 2,524 K
Msmsgs.exe matth ] 2,684 K
MicConfigSvec.exe SYSTEM iy 4,732 K
OUTLOOK.EXE matth 0o 32,516 K
pg_autovacuu... SYSTEM oa 1,652 K
pg_ctl.exe SYSTEM oa 1,440 K =
[ |show processes from all users ’ End Process ]
Processes: 62 CPU Usage: 5% Commit Charge: 360M / 2461M
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it pg stat activity3k 515 &

WM RTHAT &I fF) process id, database, user, query
string, 1 start time 15 5.

&4 postgresql.conf

stats command string = true
BATW N SQL A%

SELECT * FROM pg stat activity;
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il 1 pgAdmin3E 4T 4

Gtatus - PostgreS0L 9.1 (localhost:5432)

' Tools —> Server

. Rotate |10 seconds

Prepared Transactions

XD  Global ID  Time

Timestamp
2012-03-16 11:49:47 EDT LOG
2012-03-16 11:49:47 EDT

TX start Blkcked by Query

<[

Locks

PID. - Database - Relation - User

< I < >

Activity =[ER

PID __: Application name : Database EEEE  Client -l

< R S | |« OO
|Dane.
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log_min_duration_statement

¢ It S ¥ A postgresql.confrf
W B/ DPATI Rl (Llmilliseconds ky #47) ,
S GBS TR TR AP AT R e H B E % .
K& BB A OKFT BT (1) 2 LA AT AT

I TH]

-1 (BRIN) R BRI

5 ZAN LIS T IR AR RGP xRA L &
W AR WA A1
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Hot-Standby & Stream
Replication i/ & 25 K 245>
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PostgreSQL 8.X Replication

& VIR PWAL N HATHEAT il

Magter Instans

¢ tnMasterTCHL, AIREEK
AE

o WfiMasterfly Rz (R [=]
I ALARE I B

¢ Standby /AR BEATATA HAE Copy t arctive

Appendixes A: Hot-Standby & Stream
Replication }2 7% K £ 473 fij /v
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PostgreSQL 9.X Replication

¢ XIWALH Hjrecord 4T & il
& SRS B IR
¢ Standbynr] 4T H ek
7 2 PRATE TN i B 1
S S E e PE S

ﬂstA

N e

\

gy §

Warm/Hot Standby database

Stream

Base backup

repl

Appendixes A: Hot-Standby & Stream
Replication [ 75 K 2% 43 i 41
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PostgreSQL 9.X Hot Standby

Master Database Hot Standby

OLTP activity ) ﬁ L0 ﬁ Query activity @
> <
| ]

WAL shipping
or
Streaming Replication

Appendixes A: Hot-Standby & Stream
Replication }2 7% K £ 473 fij /v
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HE A% Slony-Il

& 1T FH Ui H B il
& 1] E S I ] B

& SCFFEUREILNE, MR SE
=k

¢ Slavefln 55 as > R B 1A

¢ ZFrWindows. Linux A
Bl N
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2

2220

PostgresOL Master
PostgreSOL Froces PosgreSalL Process
o v
10 Thread
1 Lipdiate gisk
cata papes
’ 4 Tirec: write sl |+ —| ] _'
FoyigreSl Bemary
Datz || WAL fog

Fefk Az i

L R H AT A e 0 (R AT

2 VRN RS 45 1 Rl B

3. Al4E4 i Disk to DiskakDisk to Tape .
SO0 = 7 1 RSB 1 B Appendixes A: Hot-Standby & Stream
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U AT B S ) 2

o fFARAL
o HuEmlfE: PGPool-ll
6 PR NAT
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PGPool-I|

JBoss/. NetZ&
INBEENF &

o HIEEEIRIE. SHEAE
B HE I T SE I ITRAT V5 )

I EE U R A % A

Aﬁ%ﬁﬂ#
PGPool 11

| 4
ai

o
R

6 =HMERER B [ —
PostgreSQL PostgreSQL
o MO HERSSAEE VIR REHT YD) (B i)

o TCIRBT A7 S BT A A A

Stream Replication & Hot-Standby
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¥t Data £ 22 i 2 N A7 (1)

é PGFincore

B R S S s, BRI, 7EHAT SQLIN: 752 31
A ZBLOCKIEE N FIBUFFER, 3% (1) SQL I Y 53 i
LU oy PR 0 T TR e N3 B — A EEE 1065 LA _E, X — M AR
A A

Ui SR H i 2 A B0 R W8 B SQLEA T =i, Rl HENY. Ky
SQUL i Y 33 5 ik e T 20 FH A 28 FE AL o Jit R B ] 1R . FH 3
JE, BRI

pgfincore,iX/M i H 42 Al posix_fadvise & % PostgreSQL%X
P EN B AT 24, TEIOS M ZAET (T A2
PulEbuffer) o Fir DA 22 25 S0P R G HUBLOCKIT B i S
Jz:z%mﬁ%{/ﬁ%éﬁa@%ﬁ%@ﬂ%o Lt 5 MR R PRAR
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¥t Data £ 222 i 21 N 17 (2)

AT -
statement latencies in milliseconds:
0.004577 \setrandom userid 1 20000000

12.963789 select userid,engname,cnname,occupation,birthday,signname,email,qq from user_info
where userid=:userid;

5.540750 insert into user_login_rec (userid,login_time,ip) values (:userid,now(),inet_client_addr());
4.457834 update user_session set logintime=now(),login_count=login_count+1 where userid=:userid;
(URCAEE

statement latencies in milliseconds:

0.004226 \setrandom userid 1 20000000

0.459824 select userid,engname,cnname,occupation,birthday,signname,email,qq from user_info
where userid=:userid;

2.457797 insert into user_login_rec (userid,login_time,ip) values (:userid,now(),inet_client_addr());

2.501684 update user_session set logintime=now(),login_count=login_count+1 where userid=:userid;

k‘
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BN 2. Infinite Cache

& AN AFFT BRE AL O A

6 EMH B RVE N AT R S
& SCRFTCIRA )9 fig

& TRIEA 20 WAF s i DR AT BE 22 2l
6 SEHLEIA 1645 I R T

APP

4 LInfinite Cache ) : fE 2 5

Advanced Server with Infinite Cache
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¢ http://www.hyperic.com/products/postgresql-monitoring

¢ http://demo.munin-monitoring.org/munin-
monitoring.org/demo.munin-monitoring.org/index.html

¢ http://www.cybertec.at/en/postgresql products/pgwatch-
cybertec-enterprise-postgresqgl-monitor
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¢ http://www.dbwrench.com/

¢ http://mogwai.sourceforge.net/erdesignerng.html
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¢ http://www.datanamic.com/dezign/index.html
¢ http://www.sqlmaestro.com/products/postgresqgl/maestro/

¢ http://www.navicat.com/en/products/navicat_pgsql/pgsql
overview.html

¢ http://enterprisedb.com/products-services-
training/products/postgres-enterprise-manager/capacity-
planning-forecasting
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& VMware vFabric Data Director

https://www.vmware.com/files/pdf/\VMware-vFabric-Data-
Director-Evaluation-Guide.pdf

¢ EnterpriseDB Postgres Plus Cloud Server

http://enterprisedb.com/products-services-training/products-
overview/postgres-plus-cloud-database
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