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2R —EXDBIG3

* AWS (Amazon Web Service)
* Azure (Microsoft Azure)

* GCP (Google Cloud Platform)
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@ SRA 0SS, INC.

NF—Y R —EXE LT PostgreSQL

* AWS, Azure, GCP ®Z#nenh' PaaS & L T PostgreSQL
ZIRHEL TV mumussxsr—n—vay

* AWS: Amazon RDS (PostgreSQL 10)
* Azure: Azure Database for PostgreSQL (PostgreSQL 10)
* GCP:  Cloud SQL for PostgreSQL (PostgreSQL 9.6)
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PaaS & L TR IS PostgreSQL
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PostgreSQL DILERET 2 — L
* PostgreSQL D A7 HBEICHARA TN TVWEWVWTSS Y
-1 > H¥aE

* BRERY I BT1—-Ta VT, FIRENRES
NTW3S. JIT7HKEICSTOHDICIEIERNTES

» O7HREC B L TERMELS >TVLWBEHITTIERWL
* HRFTD PostgreSQL 11 T 54 F&%E + vy — p/i—7+ —8

* Amazon RDS, Azure Database for PostgreSQL, Cloud
SQL for PostgreSQL TH #NZNEBD VIS XTI
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EFH: auto_explain AWS'
.+ BE
* i H\D o 7c SQL X DEITEEZ BEINICOJ H 77
LT<NS
* &

s Fa—=—>T0DkSx
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@ SRA 0SS, INC.

3: auto_explain

* EVLVA

* postgresql.conf TERE

(&

E

- PostgreSQL fZ&hBFIC auto_explain ZO— K (@EscRER®)
shared_preload_libraries = 'auto_explain’

- 3sec U EETICHBEOHLH S SQL =05 H/7

auto_explain.log min_duration = '3s’

- EXPLAIN ANALYZE Z1T7%8 D (B&#1E. 77 4L b0 off #2)

auto_explain.log_analyze = on

© 2019 SRA OSS, Inc. Japan 9



@ SRA0SS,INC.

(&

B auto_explain

e B> 7)L: O HITARB
FERI D HVH o 7= SQL DEXPLAIN O B HFER A OS IS

L__‘Shé (IEF#ICIF auto_explain.log_analyze=on 72D T EXPLAIN ANALYZE OD#ER)

LOG: duration: 3.651 ms plan:
Query Text: SELECT count(¥*)
FROM pg _class, pg_index
WHERE oid = indrelid AND indisunique;
Aggregate (cost=16.79..16.80 rows=1 width=0) «
(actual time=3.626..3.627 rows=1 loops=1)
-> Hash Join (cost=4.17..16.55 rows=92 width=0) «
(actual time=3.349..3.594 rows=92 loops=1)
Hash Cond: (pg_class.oid = pg_index.indrelid)
-> Seq Scan on pg_class (cost=0.00..9.55 rows=255 width=4) «

(actual time=0.016..0.140 rows=255 loops=1)
-> Hash (cost=3.02..3.02 rows=92 width=4) «

(actual time=3.238..3.238 rows=92 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 4kB
-> Seq Scan on pg_index (cost=0.00..3.02 rows=92 width=4) «

(actual time=0.008..3.187 rows=92 loops=1)
Filter: indisunique
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3: pg_hint_plan

* EVLVA

s FMELIEWT—ER—IXATIIRTV a3 VB
db1=# CREATE EXTENSION pg_hint_plan;

(&

NS
=

* DB#E#itz vy > a>Tpg hint_planzO—R
db1=# LOAD ‘pg_hint_plan’;

- postgresqgl.conf T pg_hint_plan_enable_hint_table=on L THE K RENH 3
* EX MDIBERE

* SQLICOX>Y MERE

* EVFRAT-TIILICER
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3: pg_hint_plan

(&

NS
=

¢« IEETTA3LbY MOESE

AEx ¥ VAN T—IINDRAF* v AKZERE
=552 BT —J Iz DIETHEET 2NIEE
=Wl T I EEDAEREZIEE
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(&

NS
=

3: pg_hint_plan

« H2T7I)L:SQLTE Y hZIERE

db1=# /*+ HashJoin(a b) SeqScan(a) */
EXPLAIN ANALYZE
SELECT * FROM pgbench_branches b
JOIN pgbench_accounts a ON b.bid = a.bid ORDER BY a.aid;

QUERY PLAN

Sort (cost=563632.07..566132.07 rows=1000000 width=465)«

(actual time=942.519..1081.707 rows=1000000 loops=1)
Sort Key: a.aid

Sort Method: external sort Disk: 119264kB
-> Hash Join (cost=1.23..40145.22 rows=1000000 width=465)«
(actual time=0.038..395.556 rows=1000000 loops=1)
Hash Cond: (a.bid = b.bid)
-> Seq Scan on pgbench_accounts a (cost=0.00..26394.00 rows=1000000 width=97)«

(actual time=0.020..103.247 rows=1000000 loops=1)
-> Hash (cost=1.10..1.10 rows=10 width=364)«

(actual time=0.010..0.010 rows=10 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
-> Seq Scan on pgbench_branches b (cost=0.00..1.10 rows=10 width=364)«

(actual time=0.003..0.007 rows=10 loops=1)
Planning time: 0.134 ms

Execution time: 1201.389 ms
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db1=# /*+ HashJoin(a b) SeqScan(a) */
EXPLAIN ANALYZE

SELECT * FROM pgbench_branches b
JOIN pgbench_accounts a ON b.bid = a.bid ORDER BY a.aid;

[fHHEZFR{EZ R} VDS OAXY FENTEY FaZIEE T 5

Séd Scan on bgbeﬁcﬁ_éccounts a

HashJoin(ab) a7—7J)L& b 7—7ILD#EEIZ HashJoin Z{E 5
SeqScan(a) a7T—7 )% SeqScan § %
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© BIE
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c ELVG

s FMBELIEVWT—ER—IXATIIRTV a3 B
db1=# CREATE EXTENSION pg_prewarm;

(&

E

s DUZWTIZ:Fvwaby hERESETIEOHIC
pg_buffercache & &k

db1=# CREATE EXTENSION pg_buffercache;

- pg_buffercache {p /A ©)

s HENY 7 7 ORAHERTES
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(&

E

. pg_prewarm A ’)

s 2T

- /,
* pg_prewarm Hi * pg_prewarm %%
db1=# SELECT count(¥*) db1=# SELECT count(¥*)
FROM FROM
pg_buffercache pg_buffercache
WHERE WHERE
Relfilenode = ( Relfilenode = (
SELECT SELECT
relfilenode relfilenode
FROM pg_class FROM pg_class
WHERE relname = 'pgbench_accounts'); WHERE relname = 'pgbench_accounts');
count count
0 16295
(1 row) (1 row)

* pg_prewarm

db1=# SELECT * FROM pg_prewarm('pgbench_accounts');
pg_prewarm

163935
(1 row)
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3: pg_repack VAWS

* EVLVA

* MALILWTF—3XR—ATIVRAT>arER
db1=# CREATE EXTENSION pg_repack;

(&

E

* U547 MERIC pg_repack 1 VA =)L

wget https://github.com/reorg/pg_repack/archive/ver_1.4.4.tar.gz
tar xf ver_1.4.4.tar.gz

cd pg_repack_1.4.4
make
sudo make install;

A A A A A
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. pg_repack

(&

NS
=

s T TV RRA > MZEITT pg_repack
* 7>Z4 > VACUUM FULL & REINDEX

$ pg_repack --table=t1 -dbname=db2 --username=postgres«
--host=... --port=...

* 72742 CLUSTER & REINDEX

$ pg_repack --order-by=col_id -table=t1«
--dbname=db2 --username=postgres --host=... --port=...

* Db2 DRJEERT—TILICA > Z 1> CLUSTER. &7 —
JILICH >S5 > VADUUM FULL & REINDEX

$ pg_repack --dbname=db2 --username=postgres --host=... --port=...
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3: pg_repack

(&

c EFER1/2:

* WRT—TNECAVTYVIRD2BUEDT 1+ RV ZE
S TR DA R

* pg_repack ®EITHICIF. VACUUM & ANALYZE L4}
@ DDL Z 31T L TUIKXWLMF ALY,

r—

o EITWRT—TILICIE. FxX—. F£7-IFZ NOTNULL )
A= —04> T v IR EEFEOIDASLHIDELC LS
_OLZ\;EO
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3: pg_repack

(&

c EE R 2/2:

s —RT—TI. ELEGSTAVTYVIRADBNISAEZA
TV IREED>TWBT—TILIFERIEDX RN,

* -T(--wait-timeout) TIEET X1 LTV FEE (F
7 #)L ~60F) ZEBR T pg_repack H0y JEIEHN T
IHVESICIEM IO R ZRT IE38ENEL
Do

- Oy V7B TIBh oG EIC pg_repack DA ZHETIEE 3
IC1% -D (--no-kill-backend) Z358E 9 %.
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J: pg_stat_statements A / >

* BIE

* EITEINT-SQL DFEFE. 1T, RITEMHB %5
.:Jr LT N3

AN

* &

s Fa—Z U DER
REILR YT >TWS SQLZRDIF7=W
* PostgreSQL O7'IC SQL ZKZICH L7=< &L

(&

E

AT
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: pg_stat_statements oy A O

* ELVA

* postgresql.conf TERE

(&

E

- PostgreSQL fZENEFIC pg_stat_statements zO— K

shared_preload_libraries = 'pg_ stat_statements’

s MALEWTF—FZR—IATIVRATV> a3 rER

db1=# CREATE EXTENSION pg_stat_statements;
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(&

NS
=

3: pg_stat_statements

s 2T

db1=# SELECT query, calls, total_time, ROWS,
100.0 * shared blks hit / nullif (
shared blks hit + shared blks read, 0) AS hit _raito
FROM pg_stat_statements ORDER BY total_time DESC LIMIT 5;

RRENT_TIMESTAMP) ;
(5 rows)

query | calls | total_time | rows | hit_raito
—————————————————————————————————————————— ittt s,
UPDATE pgbench_accounts SET abalance = a«| 72294 | 19389.5610 | 72294 | 86.72913
balance + ? WHERE aid = ?; | | | |
UPDATE pgbench_branches SET bbalance = ba| 72294 | 4499.92100 | 72294 | 100.00000
balance + ? WHERE bid = ?; | | | |
UPDATE pgbench_tellers SET tbalance = tba| 72294 | 2607.26099 | 72294 | 100.00000
alance + ? WHERE tid = ?; | | | |
SELECT abalance FROM pgbench_accounts WHa| 72294 | 1979.69899 | 72294 | 100.00000
ERE aid = ?; | | |
INSERT INTO pgbench_history (tid, bid, a«| 72294 | 1381.01899 | 72294 | 99.36885
| | |
| | |

I
id, delta, mtime) VALUES (?, ?, ?, ?, CU«|
|
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o SOL (DB = |4 7172
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B ¢

total _time h1t raito

t

SQL DA KR 1THFR

Frwvabkwy b

INSERT INTO pgbench_history (tid, bid,

1d, delta, mtime) VALUES (?, ?, ?, -
RRENT TIMESTAMP) :
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3: pgstattuple _ A ’)
* HIE

* T IILDITRUDKSERY 1> T v I XADHKEHE
wHnHh B (FEHERICIIATEBHBHRDZTEINS)

AN

* HE

(&

E

* XVTF R

* VACUUM 1 > T v I XBEBERDAIAT I VI 2EEB
(BT L 720
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3: pgstattuple A ’)

(&

E

* ELVG

s MALIEWTF—ER—XTIIRT>a VER
db1=# CREATE EXTENSION pgstattuple;

* BAEMREIND

* EBET—T7ILDITLANILIER * BET—IINDOA 2TV RER
* pgstattuple(regclass) returns record * pgstatindex(regclass) returns record
- 2HEEDHEE - B-tree @7
* pgstattuple_approx(regclass) returns record * pgstatginindex(regclass) returns record
- 2HEZEEBITOALUEZIRY - GIN@F
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(&

NS
=

3: pgstattuple A A '-)

s I =T ILiER 1L DREES SQL
db1=# SELECT
objectname
, pg_size_pretty(pg_relation_size(objectname)) AS total_size
, app.approx_tuple_count, app.approx_tuple_percent
, app.dead_tuple_count, app.dead_tuple_percent

, app.approx_free_space, app.approx_free_percent
FROM (

SELECT
*

, quote_ident(schemaname) || '.' || quote_ident(relname) AS objectname
FROM

pg_stat_user_tables

) AS t, pgstattuple_approx(objectname::regclass) AS app
ORDER BY app.approx_free_percent DESC;

* pg_stat_user_tables o 7—7JILIEHRZERIG L TT—
TINBICITLANILOFETERZ RT
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(&

NS
=

3: pgstattuple

A O

* 2T T=T IR L DORESS SQL RITHER

objectname

total _size
approx_tuple_count
approx_tuple_percent
dead_tuple_count
dead_tuple_percent
approx_free_space
approx_free_percent

(R EK)

public.pgbench_branches //
8192 bytes //
100 //
53.90625 //
0 //
0 //
3776 //
46.09375 //

T—7 %
T—IHY1X
HEBMITR
BINTHDE S
T
BITRDE S
HEZZIREY X

¢ F—TUHAZX (K) QLESHROHE (X)
T—7IILDIEA{t = VACUUM FULL D EH D
¢ FoTUHAR (K) QEHTROHE (K)

- VACUUM AFEITEINTLVE L = VACUUM E1T7hH. BAEERZED FR<
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(&

& FH: pgstattuple

s BT AV Tw I AMR{E DRSS SQL
db1;# SELECT
objectname

, pg_size_pretty(pg_relation_size(objectname)) AS total_size
, app.tree_level, app.index_size, app.root_block_no
, app.internal_pages, app.leaf_pages, app.empty_pages

, app.deleted_pages, app.avg_leaf_density, app.leaf_fragmentation
FROM (

SELECT

*, quote_ident(schemaname) || '.' || quote_ident(indexrelname) AS objectname
FROM

pg_stat_user_indexes) AS t, pgstatindex (objectname::regclass) AS app
ORDER BY

app.leaf_fragmentation DESC;

* pg_stat_user_indexes B51 > TF v I X EHRZEIE L
TA VT vIIBIZITLRNILOKETERZ R
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(&

NS
=

3: pgstattuple A A '-)

* BT A 2Ty ARREDRESE SQL E1THER

avg_leaf_density

leaf_fragmentation
(12 B8)

« avg_leaf_density (X) . leaf_fragmentation (/)v) . tree_level
(1) = ZFLWVL

o J—TR—TJOBREIL (KX) — REINDEX ZF 7=i% CREATE INDEX
CONCURRENTLY D4 EDH D
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49.31 /] V=T R=JDFEIEE
40 /] =T R=UDH1L

-[ RECORD 1 ]------ e e T
objectname | public.pgbench_tellers_pkey // 4>7FvVU2%
total size | 56 kB /] A>Ty IRYAX
tree_level | 1 /] NW—=hkR=DDYVI)—LAIJL
index_size | 57344 /] NARBEUOA YTy IRFAX
root_block_no | 3 /] IL—kR=JDGFR
internal_pages | 1 /] ERILARILR—JH
leaf_pages | 5 /] )= R=H
empty_pages | O /] ER—=IE
deleted_pages | O /] BIFRR—28

|

|
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* HIE
* 3-gram AN DENRERIEEE

AN

+ VIR

+ L XFOLXBRIFTHHEL

s RET— RPAEHEELAVEDD RF 1 XY MY
XTI FR
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FF: pgerypto A F)

. F—AEEBE. BET B DOOESEIRME

s tXxal)r+g
s T—RDBHRFRICTIGL TV
* PostgreSQLIRE® SQL ZFHITL TH LWL
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FF: pl/pgsql _ A F)

© BIE
* PostgreSQLIMEERE CA—EEBREZIERTES

AN

* R3E
* DB —/VHIT SQL &K D HLEMRUNEVFTHEZ L7CL
* DB Y —NEIOWNEZ 7 T r—> a3 >h 5EERK L 2L
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fiiE: € DD pl/OOZRDXIIGIRIT

* pl/coffee @
* pl/ls @
* pl/perl @
s plitct Ay
* pl/v8 @




B3 PostGIS (\3 A F)
« HIE
s BEREICLDINUEZIS > I-SvRRERGE. EiEgiy

DERZIFFETES

» WIBFHR AT LZREH LIV
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X IR —E

a uto_exp lain https://www.postgresql.jp/document/10/html/auto-explain.html

A

pg_h i nt_pla n http://pghintplan.osdn.jp/pg_hint_plan-ja.html

pg_prewarm @ A q https://www.postgresql.jp/document/10/html/pgprewarm.html
pg_re pack @ https://github.com/reorg/pg_repack

pg_stat_statements @ A q https://www.postgresql.jp/document/10/html/pgstatstatements.html
pgstattu ple & A q https://www.postgresql.jp/document/10/html/pgstattuple.html
pg_trgm @ A q https://www.postgresql.jp/document/10/html/pgtrgm.html

pgc rypto @ A o https://www.postgresql.jp/document/10/html/pgcrypto.html
pl/pgsql @ A q https://www.postgresql.jp/document/10/html/plpgsql.html
PostGIS m A q http://postgis.net/

postgres_fdw @ q https://www.postgresql.jp/document/10/html/postgres-fdw.html
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R
* YRX—VRT—ER-—XY—EXTHAETEAHL
PostgreSQL DILEREZ 2 —ILICDWT
* IERED 2 —IDOIBEFTAZIXDHDIE?

BREFBETERWL?
s WTNHY—RN—FT1—&DILEETa—IL
s DBH—/NAIICA R =ILIEEDLRELTLES

* NR—TV R T—IR—RYP—E RGO T SSH #EHilEH
A HE
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EF3: pg_dbms_stats
. HE

. RITHEEI-YHBEETE S
* FAE

s Fa—=Z>9
* EREDRE & D EREDRE = B
* RITFTRIORIC L SRADMERERE Z & T 72 L)

(1L
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3: pg_bulkload

(&

E

© BIE

=

BF—HO—5Y—)L

I K B F—220O0—RrRETEHEL
— I\FE1T
THANICB X o7 —2 %2 T —7I)LICR LIADT

* FRCAOABOT—2EV L THREHARFLL
L)

_I%_
* Bz
-
A
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F3E: pg_bigm

- BIE
* 2-gram ANDEXREIEEE

AN

* &

* EXRE
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