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@ SRA0SS,INC.

SRA OSSMiK>TLVvH0SS

* PostgreSQL
* Linux

* Sylpheed

e ZTDIEM

* tomcat, sendmail, postfix etc...
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@ SRA0SS,INC.

ToIN

* PostgreSQL 8.2 =
* pgpool-II[Z2LVT
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@ SRA0SS,INC.

PostgreSQL 8.2

e 2006/12/51)1)—RA
e 2005/11)1)—RAMB. 1ML 4&HE1E
* BEDI)—RZ=IRYRELE...

* 8.0: RS AEeENM(PITRZRE)

e 8.1: REIEREM L(/\VI7EENDUER)

* 8.2: TCECDHAEEMELTSZEID 4 REMR L

1Tl
[
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@ SRA0SS,INC.

HEEEIE N

* GIN

e INSERT/UPDATE/DELETETE H{TIEHRDREA]
e INSERTTHEE#ITDEA

o TOAVARISHA

e COPY TOMD¥isk

c CEO®E

 FILLFACTOR

* contrib
.2006/1r72(z- ry 'L\ Xg > / ‘ ,r Copyright(c) 2006 Tatsuo Ishii 6




@ SRA0SS,INC.

GIN

* Generalized Inverted Index

o BHARETIXNAREZESAVTYIR]

1. NAREESAVTYIR
2: LAOE1—4

1 !

FRA, 2)
GIN BRiE (1)

AT I9A(1)
OVEa1—4(2)

AU FILTERE
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@ SRA0SS,INC.

GIN D41

s AUTYIRITHT HEREFZEHICERTSES
e BtreeTIlF, <, <=, =, >, >= OH
T—ABRNREFELAL
o A—HYEZET—HEIZHEAAE
o TIOAILFT, BH, TF XK 0)4/7'/71"&145527

* Teodor SigaevEK+>0Oleg BartunovE A G F

e O 7 A, GiST, Tsearch2MBIE TE 4
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@ SRA0SS,INC.
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@ SRA0SS,INC.

{s& A (BRE)
CREATE TABLE t1(i INTEGER]]);
INSERT INTO t1 VALUES(ARRAYT[1,2,3]);

INSERT INTO t1 VALUES(ARRAY[4,5,6]);
INSERT INTO t1 VALUES(ARRAY[7,8,9]);

test=# SELECT * FROM t1 WHERE 5 =ANY i),

CREATE INDEX t1index ON t1 USING GIN(i);
test=# SELECT * FROM t1 WHERE ARRAY[5] <@ i;
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@ SRA0SS,INC.

{ERHBI(Z#HE, cont.)

« HEF
¢ <@
* NZ2LIT
* &&
o BRHERMNELTHOTLNS
¢ @>
* TANIZEENS

2006/11/20 Copyright(c) 2006 Tatsuo Ishii 11



@ SRA0SS,INC.

EXREANDIE.

* ZFE’]I [FEHBIDEELEILT, TEXTESSIZGIN
'f TV REES

e HAREIIMHBEZIZLTHBstring_to_arrayT
BeIZEHT S

o LU ILIA—RENNYHIRSYLAITEE
« IR —THIHE
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@ SRA0SS,INC.

hhbEZ(ZTBHHE

* kakasi, chasen, MeCabZ{&L\, T XFEMIL
THBESQLXIZE#T S
o TN-EEEIRELNDT...
e TETIIMeCabZzMUH 3 CRAZZ/ERLTHIFE
o 1T
test=# SELECT wakachi('BAREDTFX}K');
wakachi

BAREE O 7K+
(1 row)
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@ SRA0SS,INC.

T—3D%E ik DERE

psql -c "DROP TABLE gin;" $DB

psql -c "CREATE TABLE gin (fname TEXT, orig TEXT, wakachi TEXT]]);" $DB
psql -c "CREATE INDEX ginindex ON gin USING GIN(wakachi);" $DB

cd testdata

Is [0-9]*|sort -n|while read i

do
echo $i
sed -e s@\'@\'\'@g -e s@\\@\\\\W\\@g $i > $tmp
psql -c "INSERT INTO gin VALUES ('$i',"cat $tmp"",
string_to_array(wakachi("cat $tmp™'), ' '))" $DB
done
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@ SRA0SS,INC.

GINIZ KR HIRFE DAl

test=# SELECT fname FROM gin WHERE ARRAYT'&2%1'l <@ wakachi;
fname

test=# EXPLAIN SELECT fname FROM gin WHERE ARRAYT'&2%1'l <@ wakachi;
QUERY PLAN

Index Scan using ginindex on gin (cost=0.00..8.02 rows=1 width=32)
Index Cond: ('{Ec4!l}"::text]] <@ wakachi)
(2 rows)
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@ SRA0SS,INC.

IL—XEEDHI

test=EXPLAIN SELECT fname FROM gin WHERE ARRAY['&2%', '#' <@ wakachi AND
orig ~ "E2 511 &Y";
QUERY PLAN
Index Scan using ginindex on gin (cost=0.00..8.02 rows=1 width=32)
Index Cond: (‘{#ic4!l,2}"::text[] <@ wakachi)
Filter: (orig ~ "BC 51 E4"::text)
(3 rows)
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@ SRA0SS,INC.

GINOHIREIR
 TRAEHEO—HEED L SRI TORRATES
\

e Fl:TEHARITIHERAIBLIBAREE LS50 MFT=LN
s FAFREICEINIL, SEREDFE
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@ SRA0SS,INC.

GIN® E 4|

* pgsql-jpM35485mMi537636F TMD307 14D A
— )l
o &521MB(du), &5113.4MB, F194572/5(k
e T—JI)LYA(X: 2.4MB
e =1L, AYTFIL+HMhBEEEZTTX

y E/]UC_JPl?ﬁ?ﬁ'&?ﬁ\ﬁlj_:fﬁﬁh%\h\ofl,\603’675\7‘&)??)]5%3

* GINMUTYIRYA4X: 20MB
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@ SRA0SS,INC.

RFE,

* CPU: Pentium M 1.1 GHz, Mem: 768MB
s BRI ZETITZRER: 1.5ms(2714)

* SELECT count(*) FROM gin WHERE ARRAY['AH'] <@
wakachi;(namazu: 14ms)

* [BHIETEXRIZETTZRER: 1.1ms(344)

e SELECT count(*) FROM gin WHERE ARRAY['GH','ZEX']
<@ wakachi;(namazu: 14ms)

e OR#%Z: 1.7ms(271#)(namazu: 15ms)

* SELECT count(*) FROM gin WHERE ARRAY['AH'] <@
wakachi OR ARRAY[':ZEX'] <@ wakachi;

X
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@ SRA0SS,INC.

RFEE (cont.)

e JL—XH%ZFE: 7ms(304)(namazu: 14ms)
e SELECT count(*) FROM gin WHERE ARRAY['HA

' 'ZEX'] <@ wakachi AND orig ~ '"AFEX';

. 7&—5(1’%%(4/7‘/7}(7;@ 650ms(304)

* SELECT count(*) FROM gin WHERE orig ~ '3
EX';
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@ SRA0SS,INC.

GINZFEESH (namazuktbERLDD)

PostgreSQLTHAEINBLIEXRRVATLMN

Ens

AVTIIDABARXELEHEHHFES
o F1)UF)L: 21MB, GIN: 24MB, namazu: 27MB
TA’Cb\RDBMSW! HANDT, T—3DEEHH

I

k. B

EARZ. BRBHLES

m:i*ﬁ?ﬁ namazukyH1H#mELD
AT ZERLIEELY

RDBMS®):

R MTAMEZ S
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@ SRA0SS,INC.

INSERT/UPDATE/DELETET
BHITIRERD IR A

* RETURNINGA 73>

test=# INSERT INTO t1 VALUES(1, 'aaa') RETURNING *
| ]

||J
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@ SRA0SS,INC.

INSERTTE#HITDHEA

test=# INSERT INTO t3 VALUES (1),(2),(3):
INSERT 0 3
test=# SELECT * FROM t3:
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@ SRA0SS,INC.

TV ANSOAR

* SELECT row(a, b) > row(c, d);

* 8.1LIHITIZ...
*a>chHhDb>dDnEECtrue

 8.2(LSQLEEZETIL)
ca>ch,a=cHhDb>d

* 8.1&£8.2THRRMNESH

e SELECT row(2,5) > row(1,10);
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@ SRA0SS,INC.

COPY TOD L5k

* SELECT#HR®DCOPY

* COPY (SELECT * FROM t3 WHERE i IN (1, 3))
TO '/tmp/test.dat’;

o T—JILHVEKTHCOPYH AR
* COPY (SELECT 1) TO '/tmp/test.dat’;
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@ SRA0SS,INC.

CE(Constraint Exclusion)Dk B

e CE&IL
. %Aﬁb’ﬁu 1L, T—TILDKFEN—T423a0 =0 %17
Ae
e 8.1TIl%, SELECTDOHH

* {5]: sales01, sales02, salesO3IZ/S—F13=2%5L
T=&=1Z, SELECTIdsalesQ1 D AR TE5

e UPDATE/DELETEI&sales01,sales02, sales03+7%
ALTLES

e 8.2 TIZSELECTRI#%, salesO1DHET7H1RT 5
Z&lZEkoTHERER L
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@ SRA0SS,INC.

FILLFACTOR
e 8.1%TIZ...
o T—DJILRAUTIIRITIZAHR EMMNTEENESIZT
—37% B0

* FILLFACTOR

* CREATE TABLE t1(i INTEGER) WITH
(FILLFACTOR = 70); T, INSERT, COPYHRFIZ30%[i#
%9

s BHIMNZLNT—TILTIEFILLFACTORZE/NEHIZTHC

%%%OT’ BRODBEF TTARIT I ERZB LT EN
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@ SRA0SS,INC.

FILLFACTOR(cont.)

e FILLFACTORMDzhE 200
* pgbhenchz&EL T izz
FILLFACTOR=70T
accountsT—7JL(10 o
) EER o ]

* pgbenchTREIK301— © .,
H FNEFNn1000+5 600 |
-U-OVEL/ n+3}j 400 -
accounts T—2JJ)LEH 200
IR .

FILLFACTOR % FILLFACTOR 7z L
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@ SRA0SS,INC.

contrib®<a—JL

* pgbench
o XHVTrI7A )L TCHALEE A ARE
o T scale"MEA
* \set ntellers 10 * :scale

 -D name=valueTZE#HZa<T 5| TEZEAIEE
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@ SRA0SS,INC.

contrib®¥a—JL(cont.)
* pgrowlocksTTOYVIEERDENF

test=# SELECT * FROM pgrowlocks('t1');

locked_row | lock_type | locker | multi | xids | pids
———————————— s s e At S
_|_ _______________
(0,1) | Shared | 19|t |{804,805}|{29066,29068}
(0,2) | Shared | 19|t |{804,805}]|{29066,29068}

(0,3) | Exclusive | 804 | f |{804} | {29066}
(0,4) | Exclusive | 804 | f | {804} | {29066}
(4 rows)
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@ SRA0SS,INC.

contrib®¥a—JL(cont.)

* pg_freespacemap

relname | pg_relation_size | free_bytes | free_percent

——————————————— T T T Tt
accounts | 134299648 | 4604 | 0.00
pg_depend | 262144 | 1768 | 0.67
pg_attribute | 237568 | 5560 | 2.34
pg_statistic | 139264 | 8600 | 6.18
pg_class | 49152 | 6592 | 13.41
pg_type | 49152 | 7152 | 14.55
pg_index | 16384 | 7280 | 44 .43
pg_constraint | 8192 | 7328 | 89.45
tellers | 8192 | 3768 | 46.00
branches | 8192 | 7768 | 94.82

(10 rows) . )
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@ SRA0SS,INC.

DA —LAIA N LT

7—HAT AT ER DY —/\IZEREL, FIHDES
FIIZ RN EMTBIEIZEHDTT—IR—RDEE
ST

° )(IJ\\JI\
. DBW@O)—%“%E?%%
o 7IO)—a 0 T—TJILEEDEEDPBHENMNLGLN
e O5 ’EiﬁLéZf%h[iL\’Df:&)bj Jr—S 3 TCE5-T
AT RZ)HN~D FFE
o T Ay,

* RFUNA{IZDBEL THIFATE LY
e JERIEAL TV r— 3
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@ SRA0SS,INC.

BE

7254<)

WAL
a4

2006/11/16
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A
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7—h47
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n7ovELD ST
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@ SRA0SS,INC.

archive timeout® F|FE

e WALIZ—#IZHEEEWNET—HAT AT (25750
e archive_time®M&(Z&FHIRIZ7T—hHA7 07 IZ

REH

| > 7—h4785

WALB4S
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@ SRA0SS,INC.

PostgreSQLD VS5 R 51D
LoVr—a)l)a—o3y
* USRBILG LT ir—av ks
» BHDPostgreSQLY —/ \E TR MO HEAEE A L

SHLFEE
o 55248 ETL T r—2 3y I$REDK 3 AMEER LS
N YA

e BiHMPostgreSQLTIIX G TELRWWKOILEIERE
%, SHRENERINS D EFTHRYMIEERE
o HBEFZFE
*c RBET 3R
. BEH
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@ SRA0SS,INC.

L) —3>NARDEL

* [EH#i(eager)/3ERHA(lazy)
e FHA: ERODOBHY—/\OARBTN)TILAALIZ—EHT S
o ERHIAX: TRA—~DEFHENTAL—TIEES
NE-EH Y —/I\TT—2N—HLEWRER N HD
. (—‘5‘!@:%_@?(:Iﬁ,EH%'EEJ:U%QFIﬁﬁﬂ?’iiﬁ@ﬁ?ﬁ“'l‘iﬁ'é?ﬁ“%h
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@ SRA0SS,INC.

DSRIAERDIELD

* shared nothing A=k
* CPUETARIEHEBFLAEGVHIILI-DBY—/\ZEHES
A o —H%Y
e MRZDMEREITHAFFTES
s BHODBY —/N\ZEEHTHA—/\ NI HASDTEFH
DM EEIXHAFTEELY
e shared A=
e CPUNDTARIGED—ED))—REHEF
s TARVEHEFITHAHXMNZLV(Oracle RAC)
o HE{thFH|EIAEEL LY
o B RDMERELRI LI HIGEENHS
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@ SRA0SS,INC.

{fi 51| AL 28 - B faT 7B

o i 5|40 (parallel query)
* BHDODBY—/\TRWLWEHEZIFHIEST
o« LTIty arTHIEREN R LTS
o B9 EX(load balance)
o BHDDBY—/N\ZERFREHTS
o Bty AVKFIZEEEN R LET S
o L) — 3 MRz
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@ SRA0SS,INC.

PostgreSQLED ISR 2-LJ1)r—33

WAL

* Slony-I

o EREALTV)r— a3y
* PGCluster

o BRIHAL T —3ay, BRHE
* pgpool

* REL TV r—ay, BfESE, DBY—/\28FT
* pgpool-II

* pgpoolDHEREEIZINZ., parallel queryZHH—, DBY
—/\1288%F T
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@ SRA0SS,INC.

pgpool-II&(&

o HMIITBUENIBHALIEHEE#E(IPA)DMEBIZ
[+, SRA 0SS, Inc. BAZ A BIF

* IWEDPGPOOIZFEZHZHED

e QRIZRYID/IN—230F A —T ) —X TR

o /—REMIENM, GUI'Y—/L, parallel queryZi& #
REH Y TEKSA(LIKRATY T M 74KRA Ty 7 1Z1800)

T
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@ SRA0SS,INC.

PgpoOo0l-11 arcnitecture overview

@

-~

Client y Y
SQL Query
Parser Cache
salAdie >Communication \J
2P Manager Query o . pgpool
l i Rewriting Catalog
PCP d shared Replication/load Parallel
comr.nan memory balance execution - » PostgreSQL
PCP lib manager engine engine
‘ \/
pgpool-li | System DB
PostgreSQL
DB node
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@ SRA0SS,INC.

pgpool-I1&pgpool-IT mode

@ replication

@ |load balance

@ fail over

@ virtually compatible with pgpool

@ parallel query

pgpoo-| pgpoo-
mode mode
1000 1000 1000 3000
2000 2000 2000 4000
3000 3000
4000 4000
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@ SRA0SS,INC.

SELECT * FROM accounts
WHERE aid = 1000;

SELECT * FROM accounts
WHERE aid = 1000; PostgreSQL
- »  pgpool
PostgreSQL

SELECT * FROM accounts
WHERE aid = 1000;
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@ SRA0SS,INC.

SELECT * FROM accounts
WHERE aid = 1000

ORDER BY aid;
- >  pgpool
pgpool
\
PostgreSQL J

SELECT * dblink('con’,

'SELECT pool_parallel('SELECT * FROM accounts
WHERE aid = 1000')") AS foo(...)

ORDER BY aid;

System DB
PostgreSQL

SELECT pool_parallel("'SELECT * FROM accounts
WHERE aid = 1000")")

SELECT * FROM accounts
WHERE aid = 1000;
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@ SRA0SS,INC.

pgpoolAdmin

N
(] /\— — i - .- 1 . A M 3 |
We b 77777 (E) RR(E) FR(Y) BEG) F»o2—2(8) Y—MID ~AF(H

@5 80Q] -] o [

II % EE J—Ib pgpeool Admin
* Apache/PHP/Smarty ..

ST Frvia

o HgE S [ == _
* pg poolo)igéﬂ, 1$.|J: :Z::_EET.ZZ;"" N
o RAYFA—IN\— = f—
. BREBE=SULY S —
- BRTEITAILDIRE e
* JT)F vy aDEER

11
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@ SRA0SS,INC.
/\./ - 1\|:| S

 HiiBlade Symphony BS1000
* 10 blades
e Xeon 3.0GHz x 1
* 1GB Mem
e UL320 SCSI Disks
* Cent OS 4.3
* PostgreSQL 8.1.4/pgbenc..
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@ SRA0SS,INC.

— * scale factor = 90
. [7] PostgreSQL [l pgpool- (90075142)

1 » SELECT * FROM

o5 accounts WHERE aid

o = :aid

s * pgpool-II AExE7 &
3R V(32 concurrent

users)

TPS

0.4
0.3
0.2
0.1+

1 2 4 8 16 32
concurrent users
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@ SRA0SS,INC.

T (Mid size

— * scale factor = 90
e [7] PostgreSQL [l pgpool- (90075142)

3250  SELECT * FROM
gzgg accounts WHERE aid
o 2000 = :aid
e * pgpool-II AEEZ9 &
1000 3®&LV(16 concurrent
200 users)

1 2 4 8 16 32
concurrent users
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TPS

@ SRA0SS,INC.
ITVIARAAFTY(large size

* scale factor = 900

1300

1200
1100
1000
900
800
700
600
500
400
300
200
100

2006/11/20

[ ] PostgreSQL [l pgpool-ll

1l

concurrent users

(OF7H#H)

* SELECT * FROM

accounts WHERE aid
= :aid

* pgpool-1IAE&xE18 &

3L\ (32 concurrent
users)
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@ SRA0SS,INC.

BHLTENEDLE
— * scale factor = 900
U —— (90005 4)

e SELECT al.abalance
FROM accounts as
al ,accounts as a2

A WHERE al.aid =
15 :aid1l and a2.aid =
10- raid2

e pgpool-II [F81—
1z 4 s LLE T &R

concurrent users
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@ SRA0SS,INC.

SHDFHE

o LD —ia D REFERER L
o T4 ANY)
o —4HZAMNEIHA

2006/11/20 Copyright(c) 2006 Tatsuo Ishii 51



@ SRA0SS,INC.

S5 R

* Version 1.0.00")1)—X[%£2006/9/8
* http://pgfoundry.org/projects/pgpool/|ZTEZfh

* SRAOSSIZTHR—rY A B
* http://pgpool.sraoss.jp
* ZZURL
* PostgreSQL Anniversary Summit O 7Lt & #

* http://www.sraoss.co.jp/event_seminar/2006/pgpool_
feat_and_devel.pdf
 B#RIT Pro
* http://itpro.nikkeibp.co.jp/article/COLUMN/20060626/241783/
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http://pgpool.sraoss.jp/
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@ SRA0SS,INC.

pgpool-1I TEL AT LDER

PostgreSQL
8.2(5435)
\éV;tz?_U_ ~ —» Apache 1.3
pgpool-l| PostgreSQL
PHP 516 = (5432) 8.2(5436)
PostgreSQL
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