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Web
- http://www.0ss -db.jp/outline/examarea.shtmi
PostgreSQL 9.0
PostgreSQL9.2
- 2016 3 9.2.15
OS Linux
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- WAL

- WAL )

2 SQL
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* rsync
tar
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pg_dump * pg_start_backuf) / pg_stop_backup()
Pg_dumpall + n V. MAN 5
« pg_basebackup+ n 1 M 4N
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cp -rp $PGDATA $BACKUP_DIR/
tar zcf $PGDATA $BACKUP_DIR/pgdata.tar.gz

- OK PGDATA
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- pd_dump pg_dumpall
- pg_dump
- pg_dumpall
2 -- dbname DB
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- pg_dump | 11 11 ]

- -f| -- filename=

- -F| -- format

- p/plain

- c/custom

- thtar tar

1.
2.
3. psql pg_restore

- psqgl -f
- pg_restore -d
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- pg_dumpall [ I ]

- -f| -- filename=
- -g| -- globals -only

2. psql
- psql -f postgres
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APITR Point In Time Recovery
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APITR
- GUC postgresql.conf WAL

- wal_level = archivelhot_standby
- archive_mode =on
- archive_command ='cp -i %p /path/to/archive/%f
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API
1. SELECT pg_start backup ('
2.
2
3. SELECT pg_stop_backup ();
2

- pg_basebackup

- REPLICATION
- GUC max_wal_senders 1~2

WAL

$ pg_basebackup- D / homepostgres /backup/ basebackup - U repli
checkpoint=fast -- progress
93665/93665 kB (100%), 1/1 tablespace

-h localhost -- xlog --
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1.

2. $PGDATA/ pg_xlog WAL )

3.

4. SPGDATA

5. $PGDATA/ pg_xlog () WAL
6. recovery.conf $PGDATA

- restore_command ="' cp /path/to/archive/%f %p'
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1. pg_hba.conf

- recovery.conf recovery.done
- LOG: archive recovery complete

4. pg_hba.conf
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Apg_rman
- PostgreSQL

PITR

https ://sourceforge.net/projects/pg

-rman /

ABarman
- PostgreSQL

- pg_rman

1/O
https ://sourceforge.net/projects/pgbarman/
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- REINDEX
A

- CLUSTER
A

- ANALYZE
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- PostgreSQL
i MVCC
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VACUUM
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VACUUM
- Visibility Map
- VACUUM
- Index Only  Scan
ID
- ID 42 32bit

© LPI-Japan 2016. All rights reserved. 30



et VACUUM E1R0 0SS-DB

e MY S 258

A

A
NN NS s

9 1 A X 9 1 A U
? & UPDATE EI) & UPDATE X
1 1 1

© LPI-Japan 2016. All rights reserved. 31



Jf‘ VACUUM E/E1R0 OSS-DB

< terE s MO8 S X X

VACUUM
. SQL VACUUM

- VACUUM | 11 I;

- FULL
vacuumdb
- OS VACUUM

- vacuumdb [ 11 11 ]

- -f| -~ full
- -Z| -- analyze ANALYZE
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VACUUM AUTOVACUUM

- VACUUM
VACUUM
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VACUUM AUTOVACUUM

- VACUUM
i VACUUM
- GUC postgresqgl.conf
autovacuum_vacuum_threshold +
autovacuum_vacuum_scale factor X
autovacuum_vacuum_threshold =50(def.)
autovacuum_vacuum_scale factor =0.2(def.)

=100
70 VACUUM
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- ANALYZE
- ANALYZE
- GUC postgresql.conf
autovacuum_analyze_threshold +
autovacuum_analyze scale factor X

2 pg_stat_user tables = n_tup _*
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OS

- CPU
- sar dstat vmstat mpstat free top netstat iostat ps

- WAL /0O

FATAL ERROR WARNING LOG
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- AUTOVACUUM CHECKPOINT
A

- log_line_prefix
- log_destination
- logging_collector
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Alog_line_prefix

- %t

- %u

- %d

- %p ID

- %cC ID

- %X ID
- %e SQLSTATE

- %a

- %% %

od . . - P
AN41n1A
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Alog_destination

- stderr
- csvlog CSV logging_collector =on
- syslog syslog
- eventlog Windows Windows
2 ai - > Y v

&tderrod
A4n1A
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Alogging_collector

- log_destination = csvlog on
off

5
off
JMMIdM 0N

on logger process postgres
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A
1. GUC
- log_min_duration_statement
2. contrib SQL
- auto_explain

Alog_min_duration_statement
SQL
SQL

1p P
A4An1A
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Alog_min_duration_statement

$ psqgl -c "SHOWog_min_duration_statement " postgres
log_min_duration_statement

$ less/ homepostgres/ pgdata/ pg_log/postgresgl -2016 03-03 211959.log
N

2016 03-03 21:20:59 JST postgres satock 25402 100897 LOG: duration: 5.059 ms
statement: SELECT abalance FRONygbench_accountsWHERE aid = 99573,

2016 03-03 21:20:59 JST postgres satock 25402 100938 LOG: duration: 8.678 ms
statement: UPDATEpgbench_accounts SETabalance = abalance + 2006 WHERE aid = 50075;
N
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auto_explain

SQL
contrib

postgresgl -9.2.15/ contrib / auto_explain

postgresql92 -contrib
GUC
- shared_preload_libraries auto_explain

- auto_explain.log_*
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auto_explain

GUC

$ less /home/ postgres/ pgdata/ postgresqgl.conf

N

shared preload_libraries = 'auto_explain ' _

auto_explain.log_min_duration ='3ms' #3 F' =V SQk L, -

auto_explain.log_verbose =on # verbose Ak

N

$ pg_ctl restart -D /home/postgres/pgdata

od P — & =g A ...

N
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auto_explain

$ less /home/ postgres/ pgdata/ pg_log/postgresqgl -2016 03-04_105927.log
N
2016:03-04 11:11:01 JST postgres postgres 18369 200856 LOG: duration: 4.444 ms plan:
Query Text: UPDATEpgbench_accounts SETabalance = abalance + -1404 WHERE aid =
8006902;
Update on public.pgbench_accounts (cost=0.56..8.58 rows=1 width=103)
-> Index Scan using pgbench_accounts_pkeyon public.pgbench_accounts
(cost=0.56..8.58 rows=1 width=103)
Output: aid, bid, (  abalance + ( -1404)), filler, ctid
Index Cond: ( pgbench_accounts.aid = 8006902)
2016 03-04 11:11:01 JST postgres postgres 18369 200856 LOG: duration: 4.886 ms

statement: UPDATEpgbench_accounts SETabalance = abalance + -1404 WHERE aid = 8006902;
N
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VACUUM

- GUC
- log_autovacuum_min_duration

- VACUUM

- VACUUM

- VACUUM
- VACUUM
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Alog_autovacuum_min_duration
AUTOCACUUM
0) AUTOVACUUM
I
R

A4n1A

$ less /home/ postgres/ pgdata/ postgresqgl.conf

N

log_autovacuum_min_duration = 1min

N

$ pg_ctl reload -D /home/postgres/ pgdata
OdPro apid o =V

N
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log_autovacuum_min_duration

$ less/ homepostgres/ pgdata/ pg_log/postgresgl -2016 03-04 105927.log
N
2016 03-04 11:09:51 JST 18324 0 LOG: automatic vacuum of table
"postgres.public.pgbench_tellers ":index scans: 0

pages: 0 removed, 220 remain

tuples: 1074 removed, 6836 remain

buffer usage: 506 hits, O misses, O dirtied

avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

system usage: CPU 0.00s/0.01u sec elapsed 10.24 sec
N
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ANALYZE

- GUC
- log_autovacuum_min_duration

- ANALYZE

- ANALYZE

- ANALYZE
- ANALYZE
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log_autovacuum_min_duration
VACUUM

- AUTOANALYZE
- 0 AUTOANALYZE

$less/ homepostgres/ pgdata/ pg_log/postgresqgl -2016 03-04_105927.log
N

2016 03-04 11:08:51 JST 18297 196254 LOG: automatic analyze of table

" postgres.public.pgbench_tellers " system usage: CPU 0.08s/0.05u sec elapsed 28.05 sec
N
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CHECKPOINT

GUC
- log_checkpoints

CHECKPOINT

pg_stat bgwriter
my_db# SELECT * FROIg_stat_bgwriter ;

-[ RECORD 1 }-------- C ISRSSERRESSESERERISReRR e
checkpoints_timed | 20
checkpoints_req | 1

checkpoint_write_time | 5308471
checkpoint_sync_time | 9859

buffers_checkpoint | 60340

buffers_clean |0

maxwritten_clean | O

buffers_backend | 227643

buffers_backend_fsync |0

buffers_alloc | 143517

stats_reset | 2016 - 03-07 12:23:50.405225+09
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Qa

off
A41n1A

$ less/ homepostgres/ pgdata/ pg_log/postgresgl -2016 03-04 105927.log
N

2016 03-04 11:09:23 JST 18009 0 LOG: checkpoint starting: time

N

N

2016:03-04 11:10:53 JST 18009 0 LOG: checkpoint complete: wrote 294737 buffers
(35.1%); 0 transaction log file(s) added, O removed, 553 recycled; write=345.759 s,
sync=51.833 s, total=399.209 s; sync files=92, longest=4.678 s, average=0.563 s

© LPI-Japan 2016. All rights reserved.
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- OS PostgreSQL

- WAL 1 16MB

- GUC
16MB x checkpoint_segments X 3 1

- OS
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- $PGDATA/base
- SPGDATA/ base pgsql _tmp
- $SPGDATA/ pg_log
2 log_directory NA11nM ™~ A

- $PGDATA/ pg_xlog

2 archive_command NA1nM~ A
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- $PGDATA/base s du
oS
$PGDATA/base
-
YnMY nM pg_database siz€
Yn\V1 pg_relation_sizd)
T 9NN NV pg_relation_sizd)
YnM1pTOAST ~ P pg_table_siz€)
YnMA AT 4V NV pg_indexes_sizé)
YnM1pTOAST ~ P3" JdAV NM pg total relation_sizd)
YnM1MVMnM pg_tablespace_siz€)
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#6¢D24ZD @— 0 mmit
postgres =# SELECTpg_database_size(' postgres’);
pg_database_size

167946424
@ )

#9DOKi —0wmx
postgres =# SELECTpg_relation_size (' pgbench_accounty;
pg_relation_size

136593408
@ )

# umfi ¢ P 6 @— 0O mmix
postgres =# SELECTpg_relation_size (' pgbench_accounts_pkeY;
pg_relation_size

22487040

#eDdKi TOASTy —0O mmit
postgres =# SELECTpg_table_size (' pgbench_accounty);
pg_table_size

136658944
)

#9dKi r td=™] =S—wmfli¢Pc @—0mmxu
postgres =# SELECTpg_indexes_size(' pgbench_accounty;
pg_indexes_size

22487040
)

#vDKi TOASTy mufi ¢ P @— 0 mmix
postgres =# SELECTpg_total_relation_size (' pgbench_accounty;
pg_total_relation_size

159145984
@t )
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__

PANIC CRIT ERROR nNMYnM™ dMMJdMT
3 6
1 T X N\ PostgreSQIX -
FATAL ERR ERROR YNV Y Ad4Y1° - 3 8
ERROR  WARNING ERROR SQU Y 17 “. 3 8
LOG INFO INFORMATION N M Yn\VUdM A4 & YAn~ A~
WARNING NOTICE WARNING AN T
NOTICE NOTICE INFORMATION 1 n \
INFO INFO INFORMATION 1n N~ 4 A AL~ AN
DEBUG DEBUG INFORMATION ~ 4 47 | ’ ~ A J
14y 1 165" A
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Zabbix  pg_monz

. Zabbix
- Zabbix

- pg_monz

- TIS SRA OSS, Inc. Zabbix
PostgreSQL

- PostgreSQL 9.2
- http://[pg - monz.github.io/pg_monz/

PANIC/FATAL/ERROR

- COMMIT/ROLLBACK
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pg_statsinfo pg_stats reporter
- pg_statsinfo
- NTT PostgreSQL
- DB
- PostgreSQL8.3 OS Red hat Linux

http://pgstatsinfo.projects.pgfoundry.org/index_ja.html
- pg_stats_reporter
- pg_statsinfo
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pg_statsinfo pPg_stats reporter

2

2-"-

OS

2
2
SQL
2
2

2

AnMY nMNT v
JMMdM &

i AV AMIMANA WAL

i dMMJIMCPU 1

CPUT i4n1  ¥4nMi A" MNI/Oi 44N 1
AnMAMMaMkAnMdM1D> A" MY 1

Al 7 AvnMAii a> YnM1
WaAN 7 A9 /SQLI aANA A7 SQL
ANV N A

M VNV JdA 0i 40 VACUUM 0
AdAYnNYAd 0 4dAYnY 14

AnMA /7 dAVNYM NT M T NV
NAAnM™ A
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WAL < =
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- PostgreSQL9.2

D - el
2 >
%ﬁi%ﬁ% C Jsw

A4 154 DB "“| A4 154 DB
—
\-...________________.../

FE “. . e

2 AR 1N1DB AR INADB
> — —
—
N-...________________...-/

“ AA2 151 DB AR, 1NADB
\-....______________,..../
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1. PostgreSQL9.1
- WAL
- WAL

2. PostgreSQL9.1
- WAL
- WAL

3. PostgreSQL9.2
i, WAL
i, WAL

24" MY WAL p T & T 79
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2 VM Anvi-~
27 yA4YnYAdddNT a
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postgresqgl.conf
pg_hba.conf

2.
3.
- postgresqgl.conf
- recovery.conf
4,
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- postgresql.conf
- pg_hba.conf

~

A

- postgresql.conf
- wal_level
- synchronous_commit
- synchronous_standby names
- vacuum_defer_cleanup_age
- wal_sender_delay PostgreSQL9.1)
- max_wal_senders
- wal_keep segments
- wal_sender_timeout PostgreSQL9.3 )
2 replication_timeout p PostgreSQL9.2)
- max_replication_slots PostgreSQL9.4
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(1. wal_level A
- WAL
-*“archi ve”"hot standby "~
2. max_wal_senders
- WAL
- max_connections
3. wal keep segments
- pg_xlog WAL
- WAL
\_ WAL )
4 N
4. synchronous_standby names
§ y
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- listen_addresses
- archive_mode
- archive_command
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- postgresql.conf
- recovery.conf

~

A

- postgresql.conf

hot_standby

max_standby archive delay
max_standby streaming_delay
hot_standby feedback
wal_receiver_timeout
wal_receiver_status interval
synchronous_standby names

- recovery.conf

restore_command
archive_cleanup_command
standby mode
primary_conninfo
primary_slot _name
trigger_file
recovery_min_apply delay
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- postaresal.conf
,—uJ— N

1. hot_standby

2MMdYT s 4 0 &7 0 S > R
2 0% A7 57 4 X
2. synchronous_standby names
2y MY NT VN D T T uMMTET T AT T T M N
o CMMANT T T AT
2MM YT Nny AT PO NAAnMV~ T
\ P y
. recovery.conf A
1. standby mode
2 090 A
2. primary_conninfo
2MMdd ». MM T -
\_ J
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standby-$ pg_ctl start -D /home/postgres/ pgdata

pg_stat_replication

postgres=# SELECT * FROJg_stat_replication ;
-[RECORD 1}--- +

pid | 17696

usesysid | 16516

usename | rep_user

application_name | standby

client_addr | 192.168.1.10
client_hostname |

client_port | 28557

backend_start | 2016 03-15 17:14:40.426885+09
backend_xmin |

state | streaming

sent_location | 0/16000278

write_location | 0/16000278

flush_location | 0/16000278

replay_location | 0/16000278

sync_priority | 1

sync_state | sync
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%

AWAL
- pg_current_xlog_location 0 WAL
- pg_last_xlog_receive_location () WAL
- pg_last_xlog_replay_location 0 WAL

- pg_stat_replication
- * |ocation WAL

pg_Xlog_location_diff ()
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pg_statistic

- NULL
- ANALYZE

- stats_collector

pg_stats
- pg_statistic
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datid
datname
numbackends
xact_commit
xact_rollback
blks_read
blks_hit
tup_returned
tup_fetched
tup_inserted
tup_updated
tup_deleted
conflicts |0
temp_files
temp_bytes

blk_read_time
blk_write_time
stats_reset

deadlocks |0

my_db# SELECT * FROlg_stat database WHER&atname="my_db
-[RECORD 1} +

| 16384

| my_ db
|1

| 156089
| 30

| 447893
| 2902866
| 35494446
| 340071
| 5154291
| 459693
| 555

|17
| 300400640

| 0
| 0
| 2016 -03-07 12:23:57.477089+09
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Apg_stat_user_tables pPg_stat user_indexes

- auto)vacuum/analyze
my_db# SELECT * FROlgg_stat_user_tables WHEREIhame ="' pgbench_account§
-[RECORD 1}---- +
relid | 32978
schemaname | public
relname | pgbench_accounts
seqg_scan | 6
seq_tup_read | 6000000
idx_scan | 47806
idx_tup_fetch | 47806
n_tup_ins | 2000000
n_tup_upd | 38835
n_tup_del | O
n_tup_hot_upd | 23821
n_live tup | 2000000
n_dead_tup | 25398
last_vacuum | 2016 03-08 07:52:14.509574+09
last_autovacuum |
last_analyze | 2016 03-08 07:52:15.1885+09
last_autoanalyze |
vacuum_count | 1
autovacuum_count |0
analyze_count | 1
autoanalyze _count |0
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Apg_stat_activity
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oA

0 A
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- pg_stat_activity

my_db# SELECT * FRONIg_stat_activity ;
-[RECORD 1}--- +

datid | 16384

datname | my_db

pid | 32513

usesysid | 10

usename | postgres

application_name | psql

client_addr |

client_hostname |

client_port | -1

backend_start | 2016 - 03- 08 09:35:17.770864+09
xact_start | 2016 - 03- 08 10:26:25.207591+09
query_start | 2016 - 03- 08 10:26:25.207591+09
state_change | 2016 - 03- 08 10:26:25.207616+09
waiting | f

state | active

qguery | SELECT * FROM pg_stat_activity ;
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- pg_stat_statements

- pg_statio_user_tables

- pg_statio_user_indexes
- pg_locks
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pg_sStat statements

SQL
contrib

postgresqgl -9.2.15/ contrib / pg_stat statements

- postgresql92 -contrib
GUC
- shared_preload_libraries pg_stat statements
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pg_sStat statements

GUC

$ less /home/postgres/ pgdata/ postgresql.conf

N

shared preload libraries ="' pg_stat statements'
N

$ pg_ctl restart -D /home/postgres/pgdata

od P — & [=m3A L...

N

$ psqgl -c "SHOWshared preload_libraries " postgres
shared_preload_libraries

pg_stat_statements

T )

$ psqgl -c "CREATE EXTENSI@N stat statements " postgres
CREATE EXTENSION
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pg_stat statements
postgres =# SELECT FROMpg_stat_statements ORDER Btotal time DESC LIMIT 1;
-[ RECORD 1] ------- T e L
userid | 10
dbid | 12896
query | UPDATE pgbench_accounts SETabalance = abalance + ? WHERE aid = ?;
calls | 132696
total_time | 1180248.32300001
rows | 132696
shared_blks_hit | 1364188
shared_blks read | 254148
shared_blks dirtied | 248486
shared blks written | O
local_blks_hit | O
local_blks read | O
local_blks _dirtied | O
local_blks_written | O
temp_blks read | O
temp_blks_written | O
blk _read time | O
blk_write_time | O

postgres =#
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pg_statio user_tables pPg_statio _user_indexes

- TOAST
2 4\ Y ~ Y
294V Y 1INV T

postgres =# SELECTelname,

postgres - # round( heap_blks_hit *100/( heap_blks hit+heap blks read), 2) AS cache hit_ratio
postgres - # FROMyg_statio _user_tables

postgres - # WHEREeap blks_read > 0 ORDER BYache_hit_ratio ;

relname | cache_hit_ratio
__________________ e
pgbench_accounts| 67.00
pgbench_history | 98.00
pgbench_tellers | 99.00
pgbench_branches] 99.00
4 )
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pPg_locks

- pg_stat_activity

- PostgreSQL
- autovacuum
2 40 analyze™ a
2 A9 pg_stat_all_tables.n_live_tup 01 AD
pg_stat_all_tables.n dead tup X 7T A4\
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EXPLAIN

pgbenchk> EXPLAIN SELECT * FRQgbench_branchesb
pgbench > JOIN pgbench_accountsa ONa.bid = b.bid ;
QUERY PLAN
Hash Join (cost=1.11..20073.11 rows=500000 width=461)
Hash Cond: (a.bid = b.bid)
-> Seq Scan on pgbench_accountsa (cost=0.00..13197.00 rows=500000 width=97)
-> Hash (cost=1.05..1.05 rows=5 width=364)
-> Seq Scan on pgbench_branchesb (cost=0.00..1.05 rows=5 width=364)
(5 rows)
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AEXPLAIN

pgbenchkF> EXPLAIN SELECT * FRQgbench_branchesb
pgbench > JOIN pgbench_accountsa ONa.bid = b.bid ;
QUERY PLAN
Hash Join (cost=1.11..20073.11 rows=500000 width=461)
Hash Cond: (a.bid = b.bid)
-> Seq Scan on pgbench_accountsa (cost=0.00..13197.00 rows=500000 width=97)
-> Hash (cost=1.05..1.05 rows=5 width=364)
-> Seq Scan on pgbench_branchesb (cost=0.00..1.05 rows=5 width=364)

(5 rows)

- EXPLAIN

- ANALYZE
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Seq Scan

2 yp3vnMi A" AT MYIOXA
Index Scan

2 4 JdMT NIV

2. TNVAT 4 A W
Index Only Scan

237 7 VACUUM™ = "7 7 717
Bitmap Index Scan

24N AN YN XIANT T Tl
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Nest Loop Outerl Inner
2 lnner © Y x 7° T
Merge Join
240N\ nAN~ I XU XiJvpI ) R © I

Hash Join Inner
Outer

24N Y1 Yn M1 X444 7 "7

Sort
2 X 7 AAMI 47 7
2 AnM YnAX 1 YnM work mem ~ A2]

27 AT 17 HYX Tw T d4dXxwop VYV AD "6

Materialize
2 VY AXwork mem A" 4 AM1 47 pA~
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AEXPLAIN

- ANALYZE Boolean
- True
- VERBOSE Boolean
- True
- BUFFERS Boolean
- True
- FORMAT TEXT XML JSON YAML
- EXPLAIN
- TEXT
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AEXPLAIN ANALYZE

pgbenchlF> EXPLAIN (ANALYZE, BUFFERS) SELECT * F&gbehch_branchesb
JOIN pgbench_accountsa ON a.bid = b.bid ;
QUERY PLAN
Hash Join (cost=1.11..20073.11 rows=500000 width=461) (  actual time=0.032..609.519
rows=500000 loops=1
Hash Cond: (a.bid = b.bid)
Buffers: shared hit=2273 read=5925
-> Seq Scan on pgbench_accountsa (cost=0.00..13197.00 rows=500000 width=97)
(actual time=0.005..173.159 rows=500000 loops=1 )
Buffers: shared hit=2272 read=5925
-> Hash (cost=1.05..1.05 rows=5 width=364) ( actual time=0.009..0.009 rows=5
loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 1kB
Buffers: shared hit=1
-> Seq Scan on pgbench_branchesb (cost=0.00..1.05 rows=5 width=364)
(actual time=0.001..0.001 rows=5 loops=1 )
Buffers: shared hit=1
Total runtime: 710.760 ms
(11 rows)

®2D )= Pk ..
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A
A
ANALYZE
VACUUM
ANALYZE
A auto_explain
SQL

on/off
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- ANALYZE

. sort Sort Method external sort

- Disk work_mem
- work_mem

© LPI-Japan 2016. All rights reserved. 102



v-v; EXPLAIN ETRO 0SS-DB

terE s MO8 S X X

A
Buffers
AEXPLAIN ANALYZE loops
- loops
- Nest Loop Inner 1
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- enable_segscan enable_indexscan
- enable_nestloop enable_mergejoin
- enable_material enable sort
- SET
- SQL
SET
GUC
A GUC

seq_page_cost random_page_cost
cpu_tuple_cost cpu_index_tuple_cost
Cpu_operator_cost

effective_cache_size
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- CTE
- EXISTS NOT IN
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Apg_dbms_stats
- PostgreSQL

https://osdn.jp/projects/pgdbmsstats/scm/qit/pg dbms sta
ts/

Apg_hint_plan

- PostgreSQL
https://osdn.jp/projects/pghintplan/scm/qgit/pg hint pla
n/

ApgAdmin -

http ://www.pgadmin.org/
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