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Tif

@
@

w &G YEACID(F 54245 R T (I tFsavepoint), K & — Ui, % # (read

relfrozenxid

committed, repeatable read, serializable), # X 1t (fsync xlog))
= EPRIEACIFIRTIE T, BRARRE AR HE T LU A B A5 1R RE. (P4 2E, 7

DOWN ZBEDOWN#HL 7] fE 5 Fewal_buffer B [ A flush#xlogfile 115 & E 2k (R £
wal_writer_delay*3# [6] fwal{5 2.), A 2 T 8 A —E A T ik )

two phase commit(#]4e 4] A dblink# % & F 4%-)

MVCC, 84451 287 (DML%z 5 R ¥ %)

F HHACHLE (HOT, A& 51 & 2 309 E, & 5| FRILA R 237 LK

£ #7890 K AT A G BLOCKA &% 69 %2 |8 5 T .47 g 0730 844 4HOT)

3 M 42 18 15 VACUUM AL =k (Object's VM file o 49 3 7 & 242 34, fik %

full scan4 ¢F.vacuum 5 DML AR ¥ %)

vacuum_freeze_min_age autovacuum_freeze_max_age

\_%

vacuum freeze table age 4
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Tif

@
@

ik (= 1), B & = 1))

% #+-4% % 97 (plain, main, external, extended)

I A ZA) MR 5] O Feselect,update,delete,insert /¥ %)

RGP (IBFLZNZE—RYRI /LY RN EZmEH)

% 7] £ % (btree,hash,gin,gist,sp-gist,btree-gist,btree-gin)

% #4& Z (C, SQL, plpgsql, plperl, pltcl, plpython, ...)

% #plpgsql & #debugger

# 47 ( Z #F[no]scroll, with[out] hold, % 47 #) &, # #7(where current
of))

fik & 2% ([per row|per statement| INSERT, DELETE, UPDATE[of
column, ], TRUNCATE)

HL) (per statement, do also|instead|nothing)

IFEMRE(IFEATHRABZANGSRE 2 EH)R I, IHFEREBHIRERY
SRR 4 32 48) 7
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Thie

B gEAR(— AR T R S AR, T LR § AR R, 3§ Bk K, R AL AR
#)

m %%k (not null, check, unique, primary key, exclude #j %)

s B RR(HE, T, T, AR, SR, B, AR, HOR, U, %,

A S % (F L 4-#nlpbamboo), UUID, XML, JSON, ARRAY, & & L4 4,
range, oid)

m N AR (T AF, B L ROF, TR B PO, AL AL R AR, AT, )
%, o K&, 55, JSONXML, 48,78 B, G 2, 2 & A B, A RERF X
A4 % %)

m SpEREIE TR & (PostgreSQL, ST
#,MySQL,Oracle,Sybase,ODBC,redis,couchDB,...), % #}4¢ %k #9JOIN,
X AF B AT LT BOMSR, B AT L R0 R R . (SR R R A R B A
FETH F kw12 A))

® I #H4 )UFrjoin 7 % (hashjoin, nestloop, merge)
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254

exclusionZ) ik

CREATE TABLE test(id int,geo circle, EXCLUDE USING GIST (geo WITH
pg_catalog.&&));

INSERT INTO test values(1,'<(0,0),2>"::circle);

INSERT INTO test values(1,'<(4.1,0),2>"::circle);

INSERT INTO test values(1,'<(-1.9,0),2>"::circle);

ERROR: conflicting key value violates exclusion constraint "test_geo_ excl"

DETAIL: Key (geo)=(<(-1.9,0),2>) conflicts with existing key (geo)=(<(0,0),2>).
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{hik

(1]
{1]
(1]
{1]

FDW

FDW

FDW

FDW

FDW

FDW(s)

File

0

Oracle

MySQL

PostgreSQL

Redis

{1kl

Others

TABLE
DEFINE

AUTH
INFO

Conn
INFO

API

External
Data

/ Source

10



o Y% KT PostgreSQL B

LiRe
R (R E 8], 4535 B schema, &, AL B, 7 71 tdw, 3%, % £, KAF &, 8 6K
A, b ok X7 BALR)
" RS E(RA(AB)RE, HEELARE, AP ARE, 2E8, F45BEE)
n ELED, TROGETEE &/ F 55/ 8 SR E EAIRE)
= standby( hot_standby( ¥ #standby & 1k & 49 ] i+ 3243 & 14)),
warm_standby (& F_af R 4L E44)), B/ 5+ Fstandby( I # F 545 49),
¥ #Hy At egstandby, ¥ HHiFfe gk L2k A,)
= HEH 44 (A4, log shipping )
= SQL & #]( A% & % (londistes, slony-I), SQL%- & (pgpool-II) )
w T SQLA KB E M (BR W T P am A e 2 [8)) R B2 E &, LAl
W RAHAT BN S A e BE D). A R A — T
m FE TR s ) B (ZE VT 35 EE Mslave [FE 2 [8)) AN 75 2258 FE 5 2 = 5%
1) i) .
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Thae
= Common Table Expression(WITH & %, ¥ YA#) 1% 15 48 § & 69 & 14), 40 35 )3,
W &4, £ #HWITH + 4¢ 5] DELETE,update,select 4. )
m SQL ¥ #insert,update,delete returning+z %, & F 5 4 & 2xF L A7 18 5k i3
AT FBAY A, S = R
» 7+ X] & (explain analyze verbose costs buffers timing format [text xml json
yaml])
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sy WITH(Common Table

FIFH FNA FFIREK e
Expressions)
UNION ALL ZEE (LEERNULL M AZEFH)
B A B AR S UNION [ALL] R #E(E, B8 DA IR [l 10 S A 2 87 3R 8] )10 %

Lt 2L
SISui/ENECY OUTPUT Ui E R
.
O ,,,,,,,

oTwtg 3t

B SELHL | TEMP Working
| BT TABLE

OIFIT 4 TTWTIHZ

TEMP Intermediate TABLE
(B#HETWTIN S EiETH D)
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(6

¥ #F 8 -7 % 1 # 49 checkpoint

& SR R AR % 5] (5] 4e F L 48 nlpbamboo)

gin,gist % 51 (A 242 & L &4, JUIT £ A, % {5 XA dearray 5 69 & #) 4k,
Z #rexclude % &, & 44 & ) he ik, HEF5F.)

INDEX ONLY SCAN (% & 4 7| visibility map, 5 & £ pr A tuple#f 2 & &
A thIndex )

X #F & = 18 RCOSTHA( L4 7 B 49 & = 18] Bt B 1 [ 4910 ax K)

XIS NG R R )

#R»% 7| (create index on t(column) where ?)

K JOIN #9)IR 5~ For S EARAC T 3% 4] #:SQL A 5 4917 - 24T

JOIN(oin_ collapse_limit=1), 4.7 vLik 3% & % 25 it b ZAIJOINIR 5)
SQL-F & 14) 69 B ZARAC (T 7% 4] 22 B8 T 218 2540 +F - AT+ R
(from_collapse_limit=1), & ik £3& F 3o F & 14 7 69 K2 S 5] L — 2869 &

W BEAT T, AT R AL 69 5 ) 14
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(6

unlogged table

¥ ¥ i+47 & R (pg_restore -j)

(Cache# im £), i@ it pgfincore v # 4 4% £ OS Cache, 7 it ¥ #F % & #IE £,
% 7] toastk & % A7 497F 2 $38 3: £ OS Cache 2 @, 7T LAJE X 2 3590 5 5
KIEe b, B 5 # BB X N0 Fohm 2 X 2k 35 3 5] OS Cache 2 .

A M fe AL A (pg_stat_statements, pg_stats,
pg_statio_xxx_tables|sequences|indexes, pg_stat_activity,
pg_stat_xxx_tables|indexes|bgwriter|database|database_ conflicts|repli
cation|functions)

hint(enable_bitmapscan,enable_hashagg,enable_hashjoin,enable_index
scan,enable_indexonlyscan,enable_material,enable_mergejoin,enable_
nestloop,enable_seqscan,enable_sort,enable_tidscan)

A 2B 7T A 69 AR A4 (seq_page_cost, random_ page_ cost,
cpu_tuple_cost, cpu_index_tuple_cost, cpu_operator_ cost,
effective_cache_size, % = ja] £ cost) 15
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HoAih

B IR (3] 200 ¢ collation, & 4 collation, % HiE3, % 5 7 4 45)
T4 % #(Windows, unix, linux, bsd, solaris, HPUX, AIX, ...)

i #1005 %)

#% 3 (btree-gin, btree-gist, citext, dblink, file_ fdw, hstore, isn, Itree,
pageinspect, passwordcheck, pgbench, pg_buffercache,

pg_freespacemap, pg_standby, pg_stat_statements, pgstattuple,
pg_trgm, pg_upgrade, sepgsql, tablefunc, uuid-osp, ... )

more ( [github, pgfoundry, pgxn], other [postgis] ... )

Wt (L8 I a2, 32 ) P SAHE B 4 209 % +F, & P snIP s o i P L3845
P, SQL, AT BFI]...)

% 3 %5 M (client_ip, user, dbname, A iE 7 % (reject, mds, trust, ldap, ...))

16
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PR 1

Limit

Maximum Database Size
Maximum Table Size
Maximum Row Size
Maximum Field Size
Maximum Rows per Table
Maximum Columns per Table
types

Maximum Indexes per Table

%HT PostgreSQL 55

Value
Unlimited
32 TB

1.6 TB

1 GB
Unlimited

250 - 1600 depending on column

Unlimited
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VER]

= JF7,BSD

n] 7€ il £k

u A e,

" RIS RR, BOREA

= 7 & laccess method

uOR G R KK TR 6915 K,
= src/include/pg_config_manual.h
= #define NAMEDATALEN 64
= re initdb

= boolean{d ZK A ¥y i #5 X 6915 2,
= src/backend/utils/adt/bool.c
= change : result[0] = (b) ?'t": 'f';

= remake software

18
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PostgreSQL 1 i 2 % i

HP DL360 G5(2*E5440, 14G MEM, 6*146G SAS 10K%%)
CentOS 5.x x64, PostgreSQL 9.2

batch insert(2ocolumns/tuple, 200bytes/tuple, 64tuples/batch ,
RESULT: 23Wtuples/s , 3616tps, 1.9ms/avgrequest)
insert(20columns/tuple, 200bytes/tuple, RESULT : 78579tps,
0.2ms/avgrequest)

select(5000Wtuples/table, 10Gbytes/table, 20columns/tuple,
200bytes/tuple, #pk# 14, RESULT : 72113tps, 0.17ms/avgrequest)
update(1000Wtuples/table, 2Gbytes/table, 20columns/tuple,
200bytes/tuple, #:pk # #7, RESULT : 28474tps, 0.48ms/avgrequest)

delete(1000Wtuples/table, 2Gbytes/table, 20columns/tuple,
200bytes/tuple, #pk#) tk, RESULT : 41372tps, 0.28ms/avgrequest)
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postgres main process

-

postgres system processes
arch, wal_writer, bgwriter
checkpointer, stats collector
autovacuum launcher|worker
startup, syslogger

CPU cache

shared buffer, wal _buffer

OS cache

PostgreSQL

backend -

Processes Client
Access
Speed
Down

Storage RAID Card cache

hard disk buffer

hard disk medium

21
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CPUI) 25 &% ki
u fApostgresqlit 2 &£ TAE Bf & % R 5 BL— ANCPUA AL A .
" H IR F R A 5|6 % AZCPU L&A & #
" ARIF R A RE 0 H YRR A 56 & 5 09 CPU rL &R 15 4
N AT B 2 B
n R iEdEHK, & 32, shared_bufferd) iz € X )~ % B SQL group by,
distinct 9 tb.45) Ffework_mem#9 2 & X /)y, autovacuum work it £2 &9 e & £
< YA & maintenance_work_mem #j &t & X /]>.
OSHC &
= H#E linux x64/=%
® A 4% 54 ( kernel.shmmax , kernel.shmall , kernel.shmmni , kernel.sem ,
net.core.rmem_ default , net.core.rmem_max , net.core.wmem_ default,

net.core.wmem_max , vin.overcommit_memory , fs.aio-max-nr)
= limit ( nofile , nproc , core , memlock )

= blockdev --setra & X (5123 %) 22
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F i B &
» cache (47 7F 4 B7 .4k 37 89 4% 5 cache)
= raid ( #XRAID10, # #7904 49 338 & T 12 4% AIRAID5 )
= medium (ssd or Uk ) (F #7390 % 69 338 & 12 30UE 7 i#% Z10PS & K69 4
4% X SSD, KR % £ #7469 HIE & = 1974 £ SSD 1)
R EEER
B JANEREHETEEN%8 Y (bigresult [set], backup, &% )
R
u PostgreSQLAe & f 3t L L2 — 3 — 8yt 2R X, A RESHLEL 5 HF A
095254 0 R AR R AR, i3 b R PL BT 89 iR B I k. (4epgbouncer )
BE e 2 R T S = B R
= with-wal-blocksize(#&#&pg_test_fsync#: £ % 4L),
» with-blocksize( OLAP # % X 4 % & T B K & HABHAT 009 & LT XA
%t #4 K #blocksize )
23
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NIHRGHE =
= exty, xfs, zfs
B PR SRR A A i 75 B B B
u —encoding ( #H L EFERGFATRFLFHAEAF IR, TR A RFL
e b 5548 3% B R AL 69 15 22 ik % UTF8)
m --locale (C)
» -xlogdir (#t4F1k 51 69 4% )
m --pgdata ( i£4F1k 569 A4k )
S 1 BE A postgresql.conf 1 ZE 2 %

m shared buffers

m work mem
® maintenance_work_mem
= vacuum_cost_delay , vacuum_ cost_limit

= synchronous_commit , wal_writer_delay , wal_buffers
24
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se». PostgreSQLER - MAE

=%
o

0 4 B8 1Y) 3 2224« postgresgl.conf
wal_sync_method
commit_delay , commit_ siblings
checkpoint_segments, checkpoint_completion_ target
random_ page_cost , effective_cache_size
vacuum_ cost_delay, vacuum_ cost_ limit

autovacuum , autovacuum_vacuum_ cost_delay,
autovacuum_vacuum_ cost_limit

log_lock_waits , deadlock_timeout

temp_tablespaces

25
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W SQLY-Hym N IS 8] -3

w 4EFbANIESQLI R ECH ) ;;
w PlEhAIA 4 52 '
» checkpoint

" REKFREFWR
A
.
w FREMEHER
TS ACRIE S
w UIECHE P e o0 A
» PEREAENL S5 HE 2 Ja N

nﬁiﬁﬁ

.zi?u

—
—_

o

Toun® Alwt brw Fhabbog Pagenttonl ML 5.0.4 PIREE- Liba, W TS - lM.-l

/W R

Dol Chunbpuind Sgm T80 1 SyBlh 3.0.4 TITEC-Libe. K. 20 = Dhalin]

W et B AR S A e e,

r:::xrv—' \ widen
A i

)
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BRR e /MK
= pg_hba.conf

= iptables

" A EMR
B 1IESQLEN

n R ETEE, 2 f 25 W(Simple Query protocol (PQexec))
WY 5 SR

KR, AR BT H %R T )

Bt

= B[k, A 8 ,DDL,
Y N AL S, A7 (encrypted), EE 0 & AL 4, 174
B 2K Jiei

w SRR ) PR
ANV E H R BRI |

27
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FATS RUK PostgreSQL AN {r] A R &l dfs T 5E 142
m (XLOG fsync)#4 i s 2 42 589 H A LA F+7 g TR A, R A F 542
A A& e R,
w VEREIX BRI ) AN CLRE AR
» fsync=on
= full_page_writes = on
= synchronous_commit = on
w X F AR B AR A9 AL Ak 69 cache(— Ak Ag AR ), (4%, RAIDF —4i%
AR BT R P k)
— AT EE N, AW EEE — Sk, (R ] UK & P RE 25
m (DinACID)
= synchronous_commit = off

" X Hsynchronous_commit/a, £ % % H KB E R A FHEEE X FF
DOWN# HDOWN & ] % % T 7t % .k wal_writer_delay*3 #9 5z V1 i 7] 49
xlog/z &. (432 k shwal_buffers flush #)xlog file #5 12 &) 28



e PostgreSQLA1%- 0

0 P v T I BB R R
m B RARIET M
Pt A ESR B T SR ?
AR FIH T T1000 U E B &, LXKIEEF TR T XELEF 4
w332 EDOWNHL
» Failover , #4035 2 I\ £ &y 3 3| &1 &
® AV 10000 £ B S A F £ TR k.
AGZELG I A T
= RHCS, & =% #4%, VIP
w SRR, T ST AT Efence T, TR 2 FE AN BB K AR HRAE. R
— I 2 R — A1 SR B S AT s
RN
T REAR T Bk 3% 69 K[
" e REE N S FO B, WA 2R Sk WA URGT
i 2 29




e PostgreSQLA1%- 0

w AGRERR)E TR
" R YIRAA, AEF H44, VIP
o PR T R 5 D3 ATA, AT DAFIRAEN A7 i B e i
= Y)#nifence £
A [ A 2 D 1 B A S (R FR5% A 47).
= http://blog.163.com/digoal@126/blog/static/163877040201192
203458765/

o %J/}Llnng%']jk g])\r?']‘}ﬂﬁ }?E]/’E %ﬁ;‘}’ﬂﬁé}:%%gkﬂnm) ﬁﬂ
AR ESTrRRAEWMBE F X (B R R ERERTIFE K, 47T VA
% J&h9.)
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Sov-: PostgreSQLARLK- I R

IR NAZ AN B 545 A
w e i AR T 69 5 R A
= A (pgpool-), 25 73 &, 70 A 2\
MRS SHIREY R
Bo &R aLH), o %
23
o BIEHES, &R S0 AE IR (H 5T R A PostgreSQL-XCIi 21, Koy
Tl —5GTME —EHFH5ID)
w BB SCEE, JFORIE—ANEFE A T LUB T IOINCR 52 ik, 70 Ja 75 B4y i % 25
#RAE.
O R JR U R B A 5 2 A VR RIS PR S 4%, — R IR B A 44
LR Bt AT 40 R userid BUAS.
plproxy, — AN FEAREE, #8328 7 A N8 e L BT (8
OLTP speedup 'W.J5 I FIHIC AL & 15

Y %

N

31



e PostgreSQLEAIK- ¥,

Wk R AT, AR RIE KR .
uREIE AR, R AR K E TR A

w P
= L3R & @t 7 (CPU, A 4, J0) AR 17 &

K LU (o)
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My PostgreSQL in APP SYSTEM

EEE:
1. FEAMQ

e I 25 0 0 e e .
Q e Ul 2. (I KPR

WAN

APP Cache ( face to face)
L R O

-----
:

D

ataBase

Irv

APP Service
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My PostgreSQL in APP SYSTEM

T ESE:
1. 980 D B s AR
2. 2 F T

DataBase (% & 52 #r)
APP Cache (shared)

APP Cache
( face to face )

DataBase
(non-shared)

DataBase
(non-shared)

34



o PostgreSQLEAW K- B

B RN A 1 X )

u R ARG R SR AT UG R, i AR, SRR e AR R v

w B R ST N A I AR IR A TR IR, R E I L BRI R G AR
e XA R

SR % B

= synchronous_commit=local
ORI ER
m synchronous_commit=remote_write

35



S K(( ))Ym obi

MFN HNUA FIRE

A PR A A % o ) 4 Ak

REHER

SR T EE B WA R LR T Z, W& LR, E &, PR R
AL IR 2R B0 BB — Bk, U R B B 69 28 SR (FT VA48 00 B B 4
). AR A AR T B exlogls & (LY LB B E )T A R
wal_keep_segments & % 9 xlog S 44).

INFHSSPRAE 5] (on | off | locale | remote_write )

<=

fork

@ &

flush

EPN

fork

to disk [

<

T A&

an postgres
E KRR IAIE main process

application_name

WX 28 4 wal receiver startup
feedback process process
(/3]
A4
36
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synchronous_standby names = comma-separated list of application_name from standby(s); *'
=all

synchronous_commit = off, local, remote_write, or on

HH T[]0 & ) o A AR R0 = 1) AR 8] 2 6 xlogid 3¢ 5 Abuffer(remote_write) 5% flush
FIWEEL (on) T, FH 5 A B RIHIR A B LAXT P 2% SE B Flstandby 35 £ B 101 B B SRR .

[ 25 3t = 1)

FH 5L
n] e B i A il

HRWR/EET RORFF 2
UPJE A& E R a— IR
[l R A 55 A S L F 55 2 Al EI’J%UC}??&}.7



e [QAOMEHIBR

success Transaction A synchronous_commit = locale | off
success Transaction B synchronous_commit = remote_write | on
success Transaction C synchronous_commit = locale | off

5% DOWN #L

[A 2 A0 A A A

A] LA PR Transaction A and B xlog%idE ©. 4 211X, remote_write(2]iAwal buffer), on(F]ix

xlog file). Al L A& F K.

Transaction C 15 & H K45 S AL 2 standby 5 &, WA REE k. 47 AR commitZ J5 4B
= [ajstandby 7 &3 & i%xlog file B = A2 5. SERHEM &, R & R AR E 2>, B

% CrEstandby 1 & 1] BE Z R W AT RER 22K

38



e QTS HIBNR

[F G H A KR T R, AR B 5558 7.

[5] 25  52 lAR 2 VR F 2 > standby 1 #5. B - standby 15 10 T, standby DOWN

MK T BRI HE A8 1) S 55 T 4R 28,
Jo B A X AR LT YA £ 5% E synchronous_commit = locale =X, 1% B
% M B % &4, tikapp T # & 5 fe 25 F 69 iE 4.

RKEEY 55, REEHE S, synchronous_commit = remote_write | on
% & HAremote_writes XLOGAZ & 5 A\ £ ¥ & ¢9xlog filefestandby 7 &
ik #) #9xlog B Abuffer 5. F 4 7T I3 L7 k. XKL T xFstandby ¥
L I0Z K, 4542 T F ¥ F J-festandby _E &9 & 18] JF44.
% & Aon# XLOGAHE & 5 A £ ¥ & 89xlog filefestandby 77 & W40k 3] 49
xlog 5 Axlog file 5. ¥ 474 T XA$2 X % k. *Fstandby 77 & 6491048 /7 & K4
=, & W 2% B F F 569 L AR,

S 5%, AE LS 4%, synchronous_commit = locale
% & Aremote_write3s XLOG/Z &: 5 A £ ¥ L ¢9xlog file, F 54 7T AR L
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eI S, JEREE 55, X 5 e EERIR &, 1T Ll #Esynchronous_commit =
off

% B Aoff35 XLOG1z & 5 Awal buffer 5, F 474 T X T &, /£ 535 &
DOWN#U &, Zbuffer & it kflush %) # & ¢gwaliz & % % %, &k 2 JLiX 3R
5 XLOGAZ 8w B2 ) T Wk B 235 % 0948, W AR B X3R5 &, R K%
% 09 4= A wal_write_delay*3 49 i 19 5T F . /2 FIEF 49 X E R % Zrecover,
B VAT & 2k B0 3.

synchronous_commit = on 55 (R4 & sy 201, — M JE B AL /g N B 8 K

H 4 2 ff)synchronous_commit i &

BEGIN;

SET LOCAL synchronous_commit TO on | local | remote_write | off;
Other SQLs;

END; 40



SKE W B2 LD .
MFN HNUA FIRE E--/lj;j?bglé EIJ ‘gm
5 [E] 22 i 2 B RANE] 2 Ak

® & 2 fe F synchronous_standby_names

I EF SRR B A N E EF frstandby
T BRI 3] A9xlog # 3% 5 Awal buffer s xlog file.

w A m AR T R IR A

u B IERI BAKT B 7L A
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oy PostgreSQLEAX K- &0

Bk
e
o — B, TR EI % G T I

database# 17 %1y, SCHFEs 1 6 B IL R
" RIE ()&
w —EESAT, B B S FIXLOGIARS A, v PAVK & B & 03 45 R e
FAIAT T B )
m B, SCHFBOR. LA, BRI TR AOXLOGE &= A 5%, — M U Eh & 1 5
B0 SCA. 46 K8V S FE R
m  {PostgreSQL Selectivity Tablespace PITR}
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oy PostgreSQLEAX K- &0

AR ) P 2 1
= digoal=# select * from pg_start_backup(now()::text);

» rsync -acvz --exclude=pg_xlog $SPGDATA/*
backup_ host::backup_pgdata/$DATE

m digoal=# select * from pg_stop_backup();

® 35 1E Fpg_basebackupX # L k¥
= pg_basebackup -D $backup_dir/$DATE -f p -x stream -h $PRIMARY -p
$PGPORT -U $replica

m XLOGa#% 3 A6 &1 7T YA fEarchive_command 2 & 354K & B B 5 Ja 42 A
M. B Tt X ARl IR A S AT T

43



v PostgreSQLEZINHK- B0

pg_receivexlog, I A ¥t & fil B 3G AT SER IE Y. 3 s 50 PR R 47 40,

PREPARE

1.5 S 2 E AN —superuserireplication /1 (2 F T3 5 )

2.0 B =1 (B Bestandby 5 ) I pg_hba.conf 5o 1 25 7 i A1 19 i S 57 3 B2 i 1) 1% 42
host replication postgres ipHi ik trust

3.0 & 7 A (B Brstandby 15 & )wal_level(archive/hot_standby), max_wal_senders(>0)
4B PRIZEFE VSRS T AR 5 A (3 e standby 5 #50) X 4% (B o W W i 11 ) AT ok

1 RIESR, L
fork fork
424 s _
=R IR pg_receivexlog
N PN
EYN g E R

\_ J 44




= PostgreSQL&AX K- AR

w PR EREAE AT 0 I R R (H T 3E JR)
m pg_create_restore_point
w IR
m custom# X 69 &1 SAF 7T A% F pg_restore -j 5478 R,
B Jo REG LR K, 2R 6, R R 6 K ARG E 4 72
m PostgreSQL Logical Backup's TOC File
n YIHEIEJR
m PITR:iZ )R B 4%
= recovery_target_name

m recovery target_time
m recovery_target xid

m PostgreSQL datafile backup and recovery case
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o PostgreSQLAINK- T4,

= OLTPfltik
» OLTPASG s
=i
nFES, EW(Z),K(2), LH(F), Mk ))
" &y
W Speedup
1
m FT¥E
u AT, MR
" &y
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M- speedup select

Table Index TOAST
lBlock 2 3 4 lBlock 2 3 4 lBlock 2 3 4
5 6 5 6 7 5 6
DataFiles
postgresql
blocksize
2™'n 2\n 2\n

e [os Cache(SC {4 &4

block ] [ shared_buffer LRU ]
ock) A] REA7-1E B K cache
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S robi
HFN HOA a'em%:t\ TOAST

TOASTAHIHEAP TABLEAF AN K —HF, TOASTR —MRE & U FFE
tableoid -- TOAST# f{JOID

cmax

Xmax

cmin

Xmin

ctid

chunk_id -- HEAPZR @ id TOAST pointerfiX 17 # — /M TOAST i) 51| S Bk 211X
H

chunk_seq -- [7]—“>chunk_id&n 5 K FTOAST_MAX_CHUNK_SIZE, ¥i#ii]
R, XBRFEVI R RS,

chunk_data -- B SZH#4E

chunk_id + chunk_seq = primary key
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- speedup select

SQL/Z itk
K7
w EFEAERIR G5 R J7 % (btree, gist, gin, btree-gist, sp-gist, hash),
w EFEEES, (HR3Bh51),
» B I 2% (partial index),
" RFLENGRKERR
= rangeZS Y {45+,
= PostgreSQL range gist index 20x+ speedup than Mysql

index combine query
= IPHuhk T e ey 5 A R, JR RAL A 692 7 ANint 5 Bt 47 7T B T AL,
btree% 7]. 3600 tps. % # & int8range £ A, gist'% 7], SWips.
A& a9JOIN B %
= nestloop, hashjoin, mergejoin
n SEMRA
= random_page_cost 49
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M- speedup select

|IOPSTILAL
OS Cache
u B AR KT LT A
m posix_fadvise
shared buffer
u BIEE KA EF

H

, LRUF %

#| F pgfincore speedup select
m H 24 POSIX _FADV_WILLNEED
m #5 POSIX _FADV_DONTNEED

 BAR, ik 2R A(-- BRAEA, R 5, TOASTt &2 #90S PAGE CACHE 3k & &
#ysnapshot, -- i@ i3 R & & 77 4w 0SS PAGE CACHE )
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SOy avtend select

A FH AR | e HAth &2 i SRS g A
= hot standby
o FEI— 8, BRAE RS ME 2 IR R K — 2
= Jondiste3
o B, A ERCA, 5 ERAE RS 2
w LTl 2%, ZEIAH Hohot standby &7, T AESZ I AH Hbhot standby &
LN s
= slony-I
= pgpool-1l
"y ESA
= memcache

= redis
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Sy speedup complex select

Wi HITHEAPP)Z, fifeEdE FESQL
TA KT 2 8JOINKE &=L 2 K1H0 T nl LA Lk 25 3% B SQL 5 5 i - 3t
AT RER, MDA AR FEAE AT TR 1B & (from_collapse_limit=1 |
join_collapse_limit=1)
Bl iR, WJOIN
& BRI TR 5 R B
x®
ek kA E KB A0 T A AL Y 1t F T AR E 9 69103 K, xF
WA AR I0RE ) R iR 69 R LE A 2 12 202 &, AR TR Rk — AN
(b 2 AT)
H& Y work_memifi ¥, fE{LGROUP BY, 7.
4= set local work_mem to '512MB';
N EGRAF, R SE 2 R AR SE PR A if)
S R4, 1. constraint_exclusion, 2. £ 3ESQLIN B 7%, 3. X ¥
Bt B AR R 5], 4. SQLAE 43 X - By ik Yk 26 A4 I8, o FH W 4%

i
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Sy speedup insert

batch insert
= insert into table (columns) values (),(),...,();
= (20W+ tuples inserted per second)
= copy
= (40W+ tuples inserted per second)
= begin; sqls; end;
= (10WH+ tuples inserted per second)
AT, D101 KR IREL
= commit_delay
®m commit_siblings
b RAC
m wal_writer_delay
® synchronous_commit
A& wal_sync_method (pg_test_fsync)
1 FEE & Hwal_blocksize (pg_test_fsync)
xlogdir 5 HAth H 5% 73 ) BRAE i
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S K(( ))Ym obi

155 FHVH B BB (A redis B listE 4 28 2Y), S7 20 B i Bt = B 39
T B S AT
u R FAR & RO R AR 6G BAT R —ATIU R, W TAT AR A, B BF R
B —ANBF 3w R AT, FAE P 3R AR S AF, PP AST X 98 369 Z AT wE
A AT HY, B EATHELIZ A, AR A —H 4P 30 R At 2L 31000 K XA 69 247
K.
AR TR R A Bk SR 3, e e B AT UT R B A AT
m http://blog.163.com/digoal@126/blog/static/163877040201111154255438/
A0S B T 1 B E T R N A7 B SSD
PR RYF B AL, v] A9y A BAS [ (1958 25 ], autovacuum IRz B 5 /),
prevent wrap IBER AR /N, 4E4P SE N5, WA InBRE 7 B TRl e ke, PR 2 &
Ja iR N AR B FE R S5 4 9 SR AL T8 1)
Pror Pe, AN Ol 55 Bl A H B8R - B, &k 55 TSR 4, 42 P ID 2%n
U R47)
w5 X AR R plproxy
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SKK Y o

e Speedup update

| H N A7 IniE update
ExgitiH
m http://en.wikipedia.org/wiki/IOPS

N AF io Memory SATA3 SSD
lops : lops : lops :
JLth JLt7 JLT2IJLA

SATA3 DISK

lops :
100%
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S K(( ))Ym obi

MFN HNUA FIRE Sp eedup up date

| H Linux tmpfshii®update ( #2581 io 20, AXLOGHSE IR )
BT 5528 (Vi log shipping & Hill AN 75 Nl H 458 —3%, pg_tblspc,pg_xlog#l
A] DA BB R AR o, DRI A DAAE B B = ), i

synchronous_commit = locale
capacity : SMALL

tablespace fastest
/dev/shm

mEH o dev/sdbl

XLOG

capacity : BIG
tablespace lower
/dev/sdal

Primary :

$PGDATA : /pgdata01/pg_root
tbs_fastest : SPGDATA/pg_tblspc/16384
-> [dev/shm/tbs_fastest

tbs lower : SPGDATA/pg_thlspc/16385
-> [pgdata02/tbs _lower

pg_xlog : $SPGDATA/pg_xlog

-> [pgdata03/pg_xlog

Standby :

$PGDATA : /pgdata_std/pg_root
tbs_fastest : SPGDATA/pg_tblspc/16384
-> [pgdata_std/tbs_fastest

tbs lower : SPGDATA/pg_thlspc/16385
-> [pgdata_std/tbs lower

pg_xlog : $PGDATA/pg_xlog

-> /pgdata_std/pg_xlog 56



S K(( ))Ym obi

MFN HNUA FIRE Sp eedup up date

F| F Linux tmpfsfni®update ( f# He3R 25 0] 1) io JH, U XLOGHESZE AR )
2N IR A (AR, iR S0 —fitbs_fastest ) EIE A7 AE AR f L)
i

synchronous_commit = remote_write | on

capacity : SMALL capacity : SMALL
tablespace_fastest 325 A5 iy b tablespace fastest
/dev/shm D] /dev/shm

ifiﬁﬁ%ﬂ dev/sdbl mEH o dev/sdbl

XLOG , XLOG
capacity : BIG capacity : BIG
tablespace_lower tablespace_lower
/dev/sdal /dev/sdal
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S K(( ))Ym obi

MFN HNUA FIRE Sp eedup up date

FLBCEETE 1177 5, SSD, & BllORBR, & 1 G, BUASBORBRAR.
ZHRAE A

synchronous_commit = remote_write | on
capacity : Middle

tablespace_fastest AT o
sSD =kl

capacity : Middle
tablespace fastest
SSD

, XLOG , XLOG
capacity : BIG capacity : BIG
tablespace_lower tablespace_lower
/dev/sdal /dev/sdal
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oy speedup delete

BAS, S IR
P53 1 S 3 T 2 A A7 BSSD
TN A7 2, [R5 it 2 1)
2L 55 MU v
w A e ik By BT 0] T LA AR B, R AR o K

59



S K(( ))Ym obi

remme Speedup backup

ok
R A
" AEREEE N
B R AE B RFAE
" e, EEaR
(R IRTS
w AR A 89 % (105 41)
w5 BUE standby 7 S 3EAT
= max_standby_archive delay
= max_standby_streaming_delay
m EpiRig
= RAIDRBAE i 7 fill # B 3L 2247
= RAID-K BRATAif 45 fill # B 152 LAY
= OS/ZT i@ blockdev % B Bt % X readahead
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... max_standby_archive/strea
FFN MR WIRFR ming_del ay

B e B Xl og A P BV EE EXLOG
S REURLE, IR AN TRV 1 E ) delay Y
PAT I SQLM % 535 il cancel .

xlog CVKE 2 AL E (2 SRR AL EE bl B AL B IN a5 B8 v
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oy PostgreSQL T2

S &3 #( 4n Oracle -> PostgreSQL, MySQL -> PostgreSQL )
PSR, 5P 61T
®m Linux -> AIX
®m Linux 32bit -> Linux 64bit
= FE&EHBBRALH 8.3->09.1
= IEF 7775, pg_upgrade

m common:itF 7 ik
= 8, —HMET R LS A, pg_dump, pg_restore
w R, —EMEIT R IR 554, londiste3, 34 ST AR (7 )
= WELGE

MR KA TE S

m 8.3->8.3
= log-shipping warm-standby

® 0.1.3->09.1.3,9.1.4
= stream replication standby

w NRASAE, IR AT TR B BURCAR. 62



o PostgreSQL £ M

AR
PostgreSQL & 77l
= pgbench

= Use pgbench test Your PostgreSQL DBSystem performace
m http://blog.163.com/digoal@126/blog/static/163877040201151534631313/
= PostgreSQL P REPLAb 5 Z 451 Ut ik
m http://blog.163.com/digoal@126/blog/static/163877040201221382150858/
m pg test fsync
= A FH OS & [F] 22 5 42 11 5 wal-blocksize ¥ 14 B
m pg_test_timing
w N RGBS IE R (A= RER), UL U overhead
R e = i A 1) [ 79 0k
= python, ruby, java, ...

63


http://blog.163.com/digoal@126/blog/static/163877040201151534631313/
http://blog.163.com/digoal@126/blog/static/163877040201151534631313/
http://blog.163.com/digoal@126/blog/static/163877040201151534631313/
http://blog.163.com/digoal@126/blog/static/163877040201151534631313/
http://blog.163.com/digoal@126/blog/static/163877040201221382150858/

oKy PostgreSQLIS I

S 45
® nagios s 4=
= check_postgres
= https://github.com/bucardo/check postgres
= H5E X nagios 2 A
= BEME(OEF, 15 %, 2/ F45iK)
JESEI 95
W sar
m Use PostgreSQL collect and analyze Operation System statistics

m pg_stat_statements
= select query,calls,1000*(total _time/calls) from pg_stat statements order by calls desc
limit 10;
= select query,calls,1000*(total _time/calls) from pg_stat statements order by
total time desc limit 10;
= select query,calls,1000*(total _time/calls) from pg_stat statements order by

total time/calls desc limit 10;
64
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> PostgreSQLISIF

Use PostgreSQL collect and analyze Operation System statistics
A P 25 9]

Idavg 15 TOP10:

rtps TOP10 :

wtps TOP10 :

iowait TOP10 :
swap_page in_out TOP10

1. ldavg_15 TOP1@ :

L4 13- l;EH.-lS >

swap_usage TOP10:

2. vtps TOF1B :

NG R wW N e

newproc_p s TOP10:

i 12281.78
» 2576.44
i 2556.62
i 1554.58
i 1423.308
i 1216.18
i 1186.46
1 1684.25

296.76

737.78

(iﬂ.fﬁﬁs)
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o PostgreSQLAIT

st s
m %2414 (log_min_duration_statement)

statz) SALE B B, 5 M7 8 IE 23 KA, W A 8948 A 1 0L .(dm, pgstatspack)

sar 43 & 97 I~

# (min,max,avg) i HHAT, Hl I R T FZE LRI, AT E 2 AHELZF.

# (min,max,avg) &4 ik 5 KEAT, Pl R EF LRI, AEEEZMNG, A5 5%
TG R Y A

# (min,max,avg) &4 5 i KEAT, R EFZRT K5, RGF B ARy &
# (min,max,avg)iowait#f41, FI¥ R izE R B E L X )G, Pl 2 5 FE 2 MmN F, £ 5
FEALR VIO, XEFZHT A BBEANN G, EF AR AT ZF.

# (min,max,avg)swap in,out H47, #lde £ & F Zh N G, £ &5 F 27 B HIEHAN
# (min,max,avg)swap{f f tb Bl HE4T, Blde L 5 F S N G, 25 F 2B ERIEE 5
B, AEHERAL KT AF.

# (min,max,avg) &4 #7 & #H A2 HEAT, B0 2 T F B M RIE 53 e AE A K iE 4,
Oracle2 % & 4 A - F ik, B ARG LG T AREEEBRKEENEXF. 66



= PostgreSQL Caveat

fa R ik

-- postgresqgl.conf
fsync = off
full_page writes = off

® B UM A %7 AR By abpartial page
writes (zfsT M)

autovacuum = off

» 3 4 % (update, delete), H % A #L%)

fgvacuum.

-- AR TBOK B
-- pg_hba.conf

15 FH trusti\ iiF

ks FEFEE 25 FEY 7 () ) 8 A 2 1 P
BARRAE I R LR SC5E)

-- SCHEMA

AR BRI B Bk B
rewrite 232 (9.2 H KR, K& EEA
= HErewrite)

ZHZRII M AEA RG], SEE R
A N2

WHZEG, 3 UPDATE,DELETEZ: 8 [7]

iR P
ik




= PostgreSQL Caveat

fa R R - Hfth
Planner Cost Constantsiic & A2, $4A4T
-- SQL THRIEEZ
MBS E A&, FESQLAHEAT, KM AEH, I0R/T
CPURTF TF 5 A W B AR B BRI E A Ik 2% 1) A

JRAT L EEAE W TR, 5 XERH ﬁicach, HiE AT
M RAT AW, FESQLMENTFE i |
i 5 1R ANFORIE B, CPURTF

Mk 5538 H5 18 B R SR, k55 AR TF

X BT A E
constraint_exclusion, & 3 R FT & %

PHERRs 3 84 1R 3%, CPUART




oy PostgreSQL B

HIFRF Y

m 2 %SQLAE A % #H(E0racle g HINT), iX T ¥4 kK k32 & 035 B 5 4 1k 4
B8 22 & 5] 69 ik

W TREGEE, N IS B, B ¥ R 4 KOLTP &%, B aTPostgreSQL-XC
M) Mlrelease1.0.0 . pl/proxy rt 45 sk, #(12 & pl/proxy & 4 2 /£ £ 49 £ &) 2
¥ I — B &),

= %fkcheckpoint# sk 6914 48 % vf). checkpoint it IO # K AEF %, L 438 M
AT AR AR T B, o K. (1069 Buatt 2 5 7T VA% 8 K B IO a9 #L %, 4k
28 5 3% 2210 89 flushF KR =48 6 & iE 4210, LA F 1R, Wi =
checkpoint#4/f £ 79.)

m &5k, BAT8) R Lheap A4 09, & 7] AR X %7 T BB & 2L, de
2% 23 3 9] 0900 A # % (12 ) CLUSTER & 4% & &, Ri& 430 &%),

= count()#9 #& i, 9.249index only scan €. 22 ;% — /™ & it
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o PostgreSQL B

TRy
= pgbouncer¥ in X2 pg_hba.confs 4k, F 1% Flpgbouncer &, PostgreSQL
ARIEZ P ot 0y P 4, F 4 TP L 6 1 JE VR 7k 2 IL. PostgreSQLA
7| 491P &2 pgbouncer £ ALAY, 7 1~ 2 & P 55 T AHLAGIP.
» flash back query.
» %3 E (B arEnterpriseDB 52 I #9wrap)

" B 5 (GeSSDAL A A TR N F AN =B % F, R4 ASSD A iz
checkpoint)

" ORaEkE R, &

T REE, &k, I &, schema & 54k BLin

R TR ) R E 6 R AE A S, R A5 AR

w Y Gy R I A (R T BRIE AR &) 89 = &I Fe iR 8 A (Jm
pg_basebackup3g & &1y, pg_dumpig = &1y, 3 =L R.)
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o PostgreSQL B

w WY
R AMRKA(EHZLERAR), s X R0 &/ g4 5k
m real_testing & 4% RAFE, B SR K IE.
= [%{kbegin;end;#joverhead
®» master-master 2 4.

» HH TR FF Qe kT &, A P ,schema, &, 7, 2 4l {bwhereid J& -4 4
)
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w (%]
®  http://www.postgresgl.org/about/featurematrix/

®m  http://www.postgresgl.org/docs/9.2/static/index.html

w KT APPTH [a @iE K HBLE % digoal@126.com
»  QQ: 276732431

w 3336901

v [E2HRHFIFHRE]
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