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PostgreSQL |e enterprise

* Vybér OpenSource alternativy k MS SQL,
Oracle, Sybase a DB2

« MySQL, FireBird, PostgreSQL...
- Licencni situace
- ACID

- Point In Time recovery
- FunkCnost a podpora
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Zacnete malym systemem

* Projdete dokumentaci

» Sezente si poradce, nezacinejte sami

« Vypadek nesmi mit dopad na klienty
 JidelniCek, evidence parkovacich mist...

» HyCkejte si vyvojare / aplikacni podporu, budete
potfebovat jejich pochopeni a trpéelivost
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Obnova, zalohovani, DR

* Nez zaCnete, promyslejte jak chcete zalohovat

* Az to budete mit vymyslené, zkuste si provest obnovu
- Opravdu tu obnovu udélejte :-)
» Ochrana proti havarii datového centra
- Log shipping
- Streaming replikace
- Logicka replikace
- OS cluster
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Stanovte si pravidla

* Prozkoumejte koncept/architekrutu PostgreSQL
* Nekomplikujte si zivot specialitami, pokud je nepotrebujete

- Vychozi search_path="%user", public, Ize nastavit pro

e Cluster
« Databaze
* Role (uzivatel)

» Co chcete zapisovat do logu?
- Pripojeni, ukoncCeni session...?
- DDL prikazy?
- Cekani na zamky
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Nepouzivejte schema PUBLIC

« MUZete jej smazat, nebojte se toho
- Nahradite tak radu ,systémovych® opravneni

| krabicovy SW*, napsany pro schema public Ize
nastavenim search_path

- Alter role my_user SET search_path TO my_schema,
your_schema,

- SEARCH_PATH default:

e "Suser", public

« Pokud public neexistuje, mlzete vyuzit $user nebo nastavit
vlastni schema
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Oddelte aplikace

» Pokud aplikace sdileji databazi, pouzijte ruzna
schemata a pridelujte explictitné opravneni k
schematim (usage)

* Pokud to jde, pouzijte samostatne databaze
umisténe v samostatnych tablespaces

» MuZete pouzit i vice instanci (PG cluster adreséar)
na jednom OS

Vlastni instalace SW pro kazdou instanci ?
- Flexibilita ve verzich/zaplatach, vice prace s udrzbou
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Pouzivejte vice svazku

* WIKI: File System Layouts
» Tablespaces umistéte na samostatné svazky

* pg_xlog — nastaveni velikosti podle svazku

- checkpoint_segments

- Verze 9.5: min_wal_size (80MB), max_wal_size (1GB, soft limit),
viz téz wal_keep segments

* Pokud selze archivace transakcniho logu (WAL, xlog),
naroste 1 nad limit dany vzorcem v dokumentaci (nebo nad
max_wal_size)

* Ve svazku pro WAL logy vzdy meéjte ,dummy* soubor, ktery
mUzete smazat, bude se to hodit, aZz se svazek zaplni
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https://wiki.postgresql.org/wiki/Simple_Configuration_Recommendation#File_System_Layouts
http://www.postgresql.org/docs/9.4/static/wal-configuration.html

Svazky pro Postgres cluster |

« MountPoint-y jsou v adresafi cluster_name/
(od 9.5 konfiguracCni parametr)

- Zpravidla nese nazev podle aplikace pro kterou
slouzi

* pgarchive/

—rezerva pro pripad nedostupnosti zalohovaciho
serveru (WAL archivujeme pomoci rsync na
zalohovaci server)

» pgbackup/

- Standardné zalohujeme cluster na jiny server, ale
velice se hodi pri potfebé udélat dump...
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Svazky pro Postgres cluster |l

 pgcluster/data/

- Adresar kam ukazuje promenna PGDATA ( data/ protoze
initdb nema rad lost+found ) zde pak symbolicke odkazy

«pg_log -> ../../pglog
« pg_xlog -> ../../pgxlog

* pglog/ - svazek pro log soubory postgres instance
* pgxlog/ - svazek pro transakcni (WAL) logy
 pgdata/ - adresar pro pripojné body svazku
tablespaces

- Pripadné svazek pro data, pokud nema smysl oddélovat
tablespaces

do vlastnich svazku (testovaci prostredi...)
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Svazky pro Postgres cluster ||

 Dokumentace Database File Layout
« Pouzivana sada svazku

. . . /WEATHER/pgarchive
. . . /WEATHER/pgbackup
. . . /WEATHER/pgcluster
.. . /WEATHER/pgdata/system
.. . /WEATHER/pgdata/hydro
. . . /WEATHER/pgdata/temp
. . . /WEATHER/pgdata/wind
.. . /WEATHER/pg1og

. . /WEATHER/pgxlog
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http://www.postgresql.org/docs/current/static/storage-file-layout.html

WAL logy jsou cyklicky buffer, ale...

* Privyssi zatezi se vytvareji nove 16 MB soubory
* Po poklesu zapist do WAL logu dojde k snizeni
poctu WAL logll na 3 * checkpoint_segments

- V dokumentaci to samozrejme je, jen jsme zacali
s checkpoint_segments nastavenym
JHoor(velikost_svazku v_MB/16)“ to nebylo dobre...

 Osvédcila se velikost svazku
- alespon 4 * checkpoint_segments * 16MB
- Pro 9.5 max_wal_si1ze + rezerva
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Table / index bloat

« Opét se hodi ,vypln* urCena ke smazani, jinak je tfreba zvetsSit svazek

ERROR: could not extend file "pg_tblspc/16405/PG_9.3_201306121/16406/16443.24":
No space left on device

HINT: Check free disk space.
ERROR: could not extend file "pg_tblspc/16405/PG_9.3_201306121/16406/16443.24":

wrote only 4096 of 8192 bytes at block 3252805
HINT: Check free disk space.

* Najit velkou tabulku/index kde je hodné ,mrtvych” radek

- n_live_tup \dt+
\d pg_stat_all_tables
- n_dead_tup
- Re3eni je na wiki — SQL dotaz z skriptu: check _postgres
e Rebuild tabulky

- Exkluzivni zamek, ,kopiruje* soubor tabulky — misto na

disku(!) vacuum FULL VERBOSE ANALYZE myapp_schema.bloated_table;
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https://wiki.postgresql.org/wiki/Show_database_bloat

AktivnejSi autovacuum

./check_postgres.pl -db dynadb --action=bloat
POSTGRES_BLOAT CRITICAL: DB "dynadb" (db dynadb) table
dt_schema.measurement_high rows:851942592 pages:14401445
shouldbe:7923108 (1.8X) wasted size:53070536704 (49 GB) ...

» U tabulek s velkym poCtem update, delete operaci
nemusi vyhovovat vychozi nastaveni pro autovacuum

- Uprava konfigurace

#log_autovacuum_min_duration = -1 # -1 disables, 0 logs all actions and
lTog_autovacuum_min_duration = 250 # -1 disables, 0 logs all actions and
# their durations, > 0 logs only
# actions running at least this number
# of milliseconds.
#autovacuum_vacuum_cost_delay = 20ms # default vacuum cost delay for
autovacuum_vacuum_cost_delay = 4ms # default vacuum cost delay for
# autovacuum, in milliseconds;
#maintenance_work_mem = 16MB # min 1MB
maintenance_work_mem = 1GB # min 1MB
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Jeste aktivnejSi autovacuum

o Kdyz predchozi upravy nestaci

PID USERNAME PRI NICE SIZE RES STATE TIME wWCPU CPU COMMAND
10288 postgres 20 0 17G 1056M sleep 0:01 2.32% 27.64% ...autovacuum

« MuZeme nabidnout pomocnou ruku...

#vacuum_cost_limit = 200 # 1-10000 credits
vacuum_cost_1limit = 5000 # 1-10000 credits

PID USERNAME PRI NICE SIZE RES STATE TIME wWCPU CPU COMMAND
20023 postgres 20 0 18G 13G run 8:57 0.78% 45.75% ...autovacuum

PID USERNAME PRI NICE SIZE RES STATE TIME wWCPU CPU COMMAND
20023 postgres 20 0 18G 13G disk 9:07 10.66% 9.15% ...autovacuum

» Kdyz je vacuum potreba pro vice tabulek soucasné

#autovacuum_max_workers = 3 # max number of autovacuum subprocesses

# (change requires restart)
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Vymeéna autovacuum procesu

* Pripravili sme parametry, ale hodiny bézici autovacuum
proces neni zmenou ovlivhén — prerusime autovacuum

pg cancel backend()
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Default privileges... jupi!

e Nastavit vychozi opravnéeni pri vhodném navrhu Setri praci
do budoucna

ALTER DEFAULT PRIVILEGES
[ FOR { ROLE | USER } target_role [, ...] ]
[ IN SCHEMA schema_name [,
abbreviated_grant_or_revoke

« Jednorazove pomoci makra ,ALL <OBJECT>"

- Pro instalacni skripty...
- Uplatni se na objekty existujici v okamziku vydani prikazu

GRANT { { SELECT | INSERT ... }
[, ...] | ALL [ PRIVILEGES ] }
ON { [ TABLE ] table_name [, .
| ALL TABLES IN SCHEMA schema name [, ...] }
TO role_specification [, ...] [ WITH GRANT OPTION ]

18.2.2016 Jak jsme zacali provozovat PostgreSQL 17



Archivni rezim

« archive_mode vzdy nastaven na on

« wal_level vZdy nastaven alespon na archive

* archive_command vzdy nastaven

 Co dokaze zapomenuty parametr u rsync WAL
logu v archive_command...

2016-01-26 02:24:03 CET postgres 56a6cab3.e7c:LOG: connection authorized: ...

WARNING:

VAROVANTI :

18.2.2016

Unauthorized access to this system is forbidden!
violation of this restriction may constitute a legal responsibility
according to the criminal and civil law of the Czech Republic.

Zakaz neopravneneho pristupu do tohoto systemu!
Poruseni tohoto zakazu muze zalozit trestnepravni
a obcanskopravni odpovednost.

Jak jsme zacali provozovat PostgreSQL 18



Nastaveni... kterd nam vyhovuji 1/

« shared_buffers = 2-16GB # podle cache hits
« work_mem = 64MB # podle RAM a pocCtu sessions
« maintenance_work_mem = 1GB # doposud nam staci 3 workery
« shared_preload_libraries = 'pg_stat_statements'
« wal_level = archive
« checkpoint_segments = <vzorec> # zapocCitat misto na vypln
« checkpoint_completion_target = 0.75 # rovnomérné zapisy
« archive_mode = on # zména vyzaduje restart
« ##testy
- archive_command = '/bin/true' # lze ménit online
« ##produkce

- archive_command 'rsync -a -q -e \"ssh -q\" %p ...%f’'
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Nastaveni... kterd nam vyhovuji 1i/1l

« log_destination = 'stderr'

« logging_collector = on

« log_directory = "pg_log'

« log_filename = 'postgresql-%d.log'
« log_truncate_on_rotation = on

« log_rotation_age = 1d

« log_rotation_size = 0

« log_checkpoints = on

« log_connections = on # audit?

« log_disconnections = on # audit?

« log_line_prefix = "%t %c %1 %r %d %u %x %v %i:' # audit?
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Nastaveni... ktera nam vyhovuji 1/

« log_lock_waits = on # log lock waits >= deadlock_timeout

« log_statement = 'dd1' # none, dd1, mod, all

« log_temp_files = 2048 # 1log temporary files equal or larger
« log_timezone = 'Europe/Prague’

« track_counts = on # default, ale radeji uvadime

« track_io_timing = on # VvZDY ovérit pg_test_timing

« autovacuum = on # default, ale radéji uvadime

« log_autovacuum_min_duration = 250

« default_tablespace = 'system' # Bé&Zny uzivatel nema prava
« temp_tablespace = "temp' # na vlastnim svazku
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Zaloha a DR

e Pouzivame BARMAN
 PgBackRest je urcCité zajimava alternativa
e DR feSime RedHat PaceMaker clusterem

« Streaming replikace (se zpozdéenou aplikaci
WAL zaznamu) je jisté dobra volba

* Testujte DR scenare

- Jeden uspéesny (1) test trval 6 hodin, nez se povedlo
obnovit provoz a to se vlastnée nic nestalo...

18.2.2016 Jak jsme zacali provozovat PostgreSQL 22



Monitoring a connection pooling

* Monitoring agent Telegraf obsahuje plugin pro Postgres
(telegraf - Influx —» Grafana), ale opakovane se
prinlasuje...

- Nastavene logovani connect/disconnect je pro telegraf
neprakticke

- PgBouncer

* Pro telegraf je potfeba nastavit 1gnore_startup_parameters =
extra_float_digits

» Jboss (a dalsi apl. servery) obsahuji connection pooling

- Obvykle rychly restart instance (pro nacteni statickych
parameterl) aplikacim nevadi — je to ale tfeba otestovat!
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Telegraf, influx, Grafana

« select * from system.pg_stat_statements
order by shared_blks_read desc;

Postgres commits per second Postgres rellbacks per second Temp files and size
20 SO0 il
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G m ol L .

21:50 2150 22:00 2210

temp file btes
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2210

= Cormimits = Rollbacks = temp bytes = Temp files per second

Postgres block reads

R N, | A A

2212 2214 2216

21:42 21:44 21:46 21:48 21:350 21:52 21:54 2158 22:00 22:02

== Hlock read cache hit per second = Hlock reads disk per second

DB server processes count

21:42 21:44 21:46 2130 21.52 21:354 2136 22:02

= hackend processes count
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Dotazy?

Nebo par ukazek co jsme pokazYli a co jsme se
naucili?

18.2.2016 Jak jsme zacali provozovat PostgreSQL
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Cluster v jednom svazku

» Taky jsme si to zkusili (pro vyvo] mozna?)

pgbench=# insert into x select * from y;
PANIC: could not write to file "pg_xlog/xlogtemp.30107": No space left on device
server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.
The connection to the server was lost. Attempting reset: Failed.
1>

* V logu je pak dalsi ,stiznost"

LOG: archive command failed with exit code 1
DETAIL: The failed archive command was: /bin/false
WARNING: archiving transaction log file "00000001000000000000003E" failed too many times, will try again later

LOG: terminating any other active server processes

WARNING: terminating connection because of crash of another server process
DETAIL: The postmaster has commanded this server process to roll back the current transaction and exit, because
another server process exited abnormally and possibly corrupted shared memory.
LOG: all server processes terminated; reinitializing

LOG: database system was interrupted; last known up at 2016-01-27 16:50:57 CET
LOG: database system was not properly shut down; automatic recovery in progress
LOG: redo starts at 0/43000028

LOG: redo done at 0/470096E0

LOG: Tast completed transaction was at log time 2016-01-27 16:51:08.7932+01
PANIC: could not write to file "pg_xlog/xlogtemp.4141": No space left on device
LOG: startup process (PID 4141) was terminated by signal 6: Aborted

LOG: aborting startup due to startup process failure
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Nemazeme WAL logy

« Dokud nebyly archivovany

postgres@tdbatstl:pg_xlog$ 11

total 1048584

drwx------ 2 postgres dba 4096 Jan 28 08:34 archive_status
-rw-r--r-- 1 postgres dba 1073741824 Jan 27 16:22 space_filler

LOG: database system shutdown was interrupted; last known up at 2016-01-28...
LOG: 1invalid primary checkpoint record

LOG: 1nvalid secondary checkpoint record

PANIC: could not locate a valid checkpoint record

LOG: startup process (PID 4099) was terminated by signal 6: Aborted

LOG: aborting startup due to startup process failure

e Pokud misto logu smazeme vyplii space_filler

LOG: database system shutdown was interrupted; last known up at 2016-01-28 ...
LOG: database system was not properly shut down; automatic recovery in progress
LOG: redo starts at 0/48000090

LOG: redo done at 0/48000090

LOG: MultiXact member wraparound protections are now enabled

LOG: database system 1is ready to accept connections

LOG: autovacuum launcher started
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Uvolni vacuum full misto ve svazku?

,Sessionl® _ ,session3"

Umisténi shora dolll odpovida poradi vykonavani prikazu.
AutoVacuum je vypnuteé, jinak by se bez dostateCného provozu testcase nepovedl.

postgres=# show autovacuum;
autovacuum

off
(1 row)

eomdb=# select pg_relation_filepath('eom_schema.y"');
pg_relation_filepath

pg_tblspc/16387/PG_9.4_201409291/16388/16427
(1 row)

eomdb=# insert into eom_schema.y select * from pg_class;
INSERT 0 298
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eomdb=# insert into eom_schema.y select * from pg_class;

postgres@tedb02:16388% du -sh 16427%*

64K 16427

24K 16427_fsm
eomdb=# begin;
BEGIN

eomdb=# select count(*) from eom_schema.y where relname like 'pg%';
count

count
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Procesy pouzivajici soubor tabulky

eomdb=# delete from eom_schema.y where relname like 'pg%';

DELETE 924
eomdb=# select n_live_tup, n_dead_tup from pg_stat_all_tables where
eomdb=# schemaname='eom_schema' and relname = 'y';
n_live_tup | n_dead_tup
____________ +____________
1192 | 8486653
(1 row)

postgres@tedb02:16388% 1sof 16427*

COMMAND PID USER FD TYPE DEVICE SIZE/OFF NODE NAME
postmaste 38176 postgres 33u REG 253,14 237568 131079 16427
postmaste 38176 postgres 34u REG 253,14 24576 131322 16427_fsm
postmaste 56077 postgres 22u REG 253,14 237568 131079 16427
postmaste 56438 postgres 60u REG 253,14 237568 131079 16427

postgres@tedb02:16388% du -sh 16427*
232K 16427
24K 16427 _fsm
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eomdb=# commit;
COMMIT

eomdb=# select pg_relation_filepath('eom_schema.y');
pg_relation_f1ilepath

Eg_tb;spc/16387/PG_9.4_201409291/16388/16433
row
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Z|istime procesy branici uvolneni
mista na svazku

postgres@tedb02:16388% 1sof -p 56077 | grep -e 22u -2 -e DEVICE

COMMAND PID USER FD TYPE DEVICE SIZE/OFF NODE NAME

postmaste 56077 postgres 22u REG 253,14 0O 131079
/srv/app/dev/EOM/pgdata/eom/PG_9.4_201409291/16388/16427 (deleted)

Pokud zname predem PID proces, které eomdb=# select pg_backend_pid();

danou tabulku/index pouzivaly, miZzeme pg_backend_pid

pozadat uzivatele, aby se odhlasili, nebo -

backend procesy zastavit a uvolnit tak misto. 56077

Na aktivni DB s connection poolem jsme (1 row)

museli po 15ti minutach restartovat instanci...
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Pouzivané hracky

» Psql
 PgAdmin
* pg_top
* htop
* jotop
» Perf
- Instalujeme debuginfo baliCek, aby perf byl prehledny
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perf + debuginfo

ET_-' root@tdbatstl:~

count (approx.): 21233172673
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pg_top, lotop, htop

- _ — e
postgres@pedb01:~/pg_top | = | B | —r—

last pid: 48503: load avg: 2.10, 2.38, 2.33: up 32+08:00: 49 15:26: 06
72 processes: 1 running, 71 sleeping

CPU states: 2.6% vser, 0.0¥% nice, 0.9% system, 96.5% idle., 0.0¥ iowait

Hemory: 276 used, 2256 free, 1846H buffers., 216 cached

DB activity: 83 tps, 0O rollbs/s. 0 buffer r/s, 100 hit¥, 5195 row r/s. 77 row uw/s

DB I/0: 0 reads/s, 0 KB/s, 23 writes/s, 74 KBfs

DB disk: 1.0 GB total, 0.8 GB free (17% used)

Swap: f096H free

PID USERNAME PRI NICE SIZE BRES STATE TIME COMMAND
20 0 8597H 427H run 103 select fix_disabled_agendal()
20 0 85924 798H sleep : 36 COMHMIT
20 8591H 79H sleep 43 COMHMIT
9356 postgres 20 8591H 78H sleep :35 select ®* from ACT_RU_UARIABLE? where EXECUTION_ID_ = $1? and TASK_I
49118 postgres 20 85914  77/H sleep : 31 COMHMIT
46859 postgres 20 85964 1761H sleep :16 COMHIT
42659 postgres 20 8597H 1742H sleep 102 SET SESSION CHARACTERISTICS AS TRAWSACTION BREAD OMWLY
9295 postgres 20 8638H 1781H sleep :38 COMHIT
8642H 1799H sleep :35 COMHMIT
85924 BO3H sleep :50 COMMIT
85924 BOIM sleep :49 COMMIT
85934 B05H sleep 47 select parametersU_.transfer_id as transfer3d_34_0_. parametersl_.name as
8592H 782H sleep SET SESSION CHARACTERISTICS AS TRAWSACTION BEAD WRITE
L) (] 4 = et (1 H

39985 postgres 20
53435 postgres 20
51244 postgres 20
43050 postgres 20
45062 postgres

[t e e e i e = Y Y = R R e Y e
e [ e e [ e e [ e e e i e Y e
o e e e e [ e e e e e e

o ooooooooo@

ilals i e
8635H 1783H sleep
85924 B811H sleep
8592H 804H sleep
85911  46M sleep
8591H  46H sleep
8592 47/H sleep
8591H  46H sleep
8591H  46H sleep
8592 B8O0OH sleep
8591H  46H sleep
8592 797H sleep
8592H 798H sleep

s U qFes: OpS_ONNer OPSAL . . 1b. 2|00 T al e
postgres: csops_owner csopsdb 10.177.16.112(40490) idle
postgres: csops_owner csopsdb 10.177.16.120(53360) idle
postgres: csops_owner csopsdb 10.177.16.1200(53364) idle
postgres: csops_owner csopsdb .177.16.120(53378) idle in transaction
postgres: csops_owner csopsdb .177.16.1200(53381) idle in transaction
postgres: csops_owner csopsdb 10. .16.128(53671) idle
postgres: csops_owner csopsdb . .16.120(53361) idle in transaction
postgres: csops_owner csopsdb 10.177.16.120(53672) idle
00¥ postgres: csops_owner csopsdb 10.177.16.120(55225) idle
0P% postgres: csops_owner csopsdb 10.177.16.128(53333) idle
00¥ postgres: csops_owner csopsdb 10.177.16.120(57387) idle
.00% postgres: csops_owner csopsdb 10.177.16.1200(57125) idle

30 i L E

6758 postgres
9874 postgres
b1244 postgres
5189 postgres
p5544 postgres
7027 postgres
9877 postgres
7028 postgres
PE965 postgres
7631 postgres
8239 postgres
6540 postgres

.16%
.09%
.09%
.10%
.09%
.10%
.23%
.09%
.18%
.18%
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pg test timing, pg test fsync

* pg_test fsync pro nalezeni optimalni wal _sync_method
 track 10 _timing — na tomto serveru lze pouzit bez obav

postgres@pgdb:pglog$ /usr/pgsql-9.4/bin/pg_test_timing
Testing timing overhead for 3 seconds.

Per Toop time including overhead: 36.28 nsec

Histogram of timing durations:

< usec % of total count
1 96.39480 79711777

2 3.60221 2978778

4 0.00173 1427

8 0.00013 110
16 0.00109 903
32 0.00001 9
64 0.00000 1
128 0.00000 0
256 0.00000 0
512 0.00003 25
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