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Eﬁgéﬂ\'lﬁ O 4em cerogHsa byaem rosopuTb

e Kypa yxoanT ceoboaHoe mecto?

o /lHCcTpyMeHTBI 1 3anpochl

Kakum obpasom faHHble B AeCTBMTENLHOCTI XpaHATCA?

o [lelicTBusi B aBapuiiHOi U npegaBapuiiHOl CMTyaLmsax

PostgreSQL-Consulting



Russia 16

Database File Layout

Mpobnemubie mecTa

base pg_serial

global pg_snapshots

pg_clog pg_stat

pg_dynshmem pg_stat_tmp

pg_log pg_subtrans

pg_logical pg_tblspc

pg_multixact [-- ~16407 ->
pg_notify pg_twophase
pg_replslot pg_xlog
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Russia 16

Database File Layout

XpaHeHune Tabnuuy n nHaekcos

base
l-- 1

|-- 13051

|-- 13056
|-- 79593
|-- 90694
|-- 90694.1
|-- 90694.2
|-- 90694_fsm
|-- 90694_vm
|--

l-- ...

|-- pgsql_tmp

481080K
1024M
1024M
903136K
1564672
0
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BpemenHblie caiinbl
e nuwyTcs npu HexsaTke work _mem, maintenance work _mem
o temp file limit (9.2+)

e log temp files
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Jlorn
e log_min_duration statement
e log directory
e log filename

e no limit for message length
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Eﬁgéuf'lﬁ pg_xlog expected size

Write Ahead Log (>xypHan TpaH3akumii)
o 1 WAL segment 16MB
e used for recovery and replication

¢ removed/recycled after checkpoint

checkpoint segments + wal _keep segments

MAX { (2 + checkpoint _completion _target) x checkpoint _segments
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Eﬁgéﬂ\"lﬁ pg_xlog more than expected size

broken archive command

replication slots

slow replay

CPU or 1/0 overload (renice/ionice startup process)

e long running transactions on standby
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Eﬁgéﬂ\"lﬁ TOP 20 largest databases

pg-utils/sql/top databases.sql

name | owner | size
__________ T S,
the | postgres | 74 GB
quick | postgres | 65 GB
brown | postgres | 41 GB
fox | postgres | 36 GB
jumps | postgres | 30 GB
over | postgres | 28 GB
lazy | postgres | 25 GB
dog | postgres | 13 GB
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https://github.com/PostgreSQL-Consulting/pg-utils/blob/master/sql/top_databases.sql

Eﬁgg&'l(; TOP 20 largest tables/indexes in selected DB

pg-utils/sql/top _tables.sql

nspname | relname | type | size | idxsize | total
--------- o e bbb
public | posts | | 20GB | 24 GB | 43 GB
public | users | r | 4152 MB | 3215 MB | 7367 MB
public | posts_type_id_created_at | i | 4861 MB | O bytes | 4861 MB
public | posts_user_id | i | 2612 MB | O bytes | 2612 MB
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https://github.com/PostgreSQL-Consulting/pg-utils/blob/master/sql/top_tables.sql

Unused indexes

Russia 16

github.com/pgexperts/pgx scripts/indexes/unused _indexes.sql

table/index index scans per index table
reason | name | scan % | write | size | size
___________________________ S S
Never Used Indexes | | 0.00 | 0.00 | 18 GB | 78 GB
Never Used Indexes | | 0.00 | 0.00 | 6371 MB | 64 GB
Never Used Indexes | | 0.00 | 0.00 | 4875 MB | 64 GB
Never Used Indexes | | 0.00 | 0.00 | 4412 MB | 64 GB
Low Scans, High Writes | | 0.00 | 0.00 | 6358 MB | 64 GB
Low Scans, High Writes | | 0.00 | 0.00 | 6290 MB | 64 GB
Seldom Used Large Indexes | | 0.24 | 29811.00 | 1171 MB | 8726 MB
Seldom Used Large Indexes | | 0.00 | 3.00 | 1121 MB | 8726 MB
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https://github.com/pgexperts/pgx_scripts/blob/master/indexes/unused_indexes.sql

Russia 16

Duplicate indexes

github.com/pgexperts/pgx _scripts/indexes/duplicate indexes fuzzy.sql

table index index

name | name | cols | indexdef | index_scans
------- Sy
users | users_a | a | CREATE INDEX ... USING btree (a) | 10140
users | users_a_b | a,b | CREATE INDEX ... USING btree (a, b) | 2194900
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https://github.com/pgexperts/pgx_scripts/blob/master/indexes/duplicate_indexes_fuzzy.sql

Muorpa moxHo co3paTb Gosiee KOMMaKTHbI UHAEKC
e Partial indexes
e gin indexes (btree gin) for duplicates
e BRIN indexes
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Bloat

e multiversion concurrency control (MVCC)
e lNpn kaxgom update cTpoku cospaeTcs ee KONus
o HeHy>XHble KOMUN NMOAYNLLAIOTCS MPOLLECCOM autovacuum

e autovacuum He MOXET YMEeHbLINTb pa3mep Tabanupl, ecan
TOJILKO HET MYCTbIX CTPaHUL, B KOHUe chaiina

PostgreSQL-Consulting
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Russia 16

Bloat

create table test(id integer primary key, flag boolean not null);

insert into test values(1l, false);

select to_hex(xmin::text::bigint) as xmin, * from test;
xmin | id | flag

______ Fommmm e

3ec | 1| £

O0OE1lFDE 08 00 60 00 00 00 00 00 60 00 00 08 GO0 00 60 08

O0OE1lFEE® ||EC 03 60 00|00 00 00 00 B0 08 00 08 GO0 B0 60 08
O0OE1lFFE |01 00 02 00 00 G08 18 QO JE1 DB 00 OO 00 08 08

0DOEZ000 00 00 G0 0O OO 00 00 00 B0 08 00 OB GO OO 00 08
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Bloat

Russia 16

update test set flag = true where id = 1;

select to_hex(xmin::text::bigint) as xmin, * from test;
xmin | id | flag

______ ot

eee01Fce [[ED 03 00 80]0e 60 08 GO 80 0O @O0 08 00 80 08 00
00001FDE 00 02 80 00 29 18 0ollel o0 6o o0olle1l ee ee ee
00001FE® [[EC 03 00 OO]ED 03 08 00 80 0O 00 08 00 80 00 00

[61 60 6o _oc][@e] se 80 00

DPEe1FFE |©2 60 02 40 00 65 18 68
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Eﬁgéﬂ\"lﬁ Where did all you zombies come from?

e Long running transactions

Not tuned autovacuum

Update large number of rows

Delete large number of rows

Drop columns

PostgreSQL-Consulting
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Kak 6opoTbca?

e MOHNTOPVHT AJIMHBI CamMoii JOJIrOi TpaH3akumn (Ha pennkax
c hot_standby feedback = on Toxel)

e AsTOMaTu4ecku npubusatb no KpoHy (cm.
pg_terminate backend(), pg_stat activity)

e Moanduunposats NpuioxKeHue

e pg _dump = pg_basebackup

PostgreSQL-Consulting



e autovacuum_vacuum _scale factor no-ymonuanuto 0.2 (20%
Tabnuupl)

e autovacuum_max_ workers

e autovacuum_vacuum _cost delay
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Ouenka bloat Ha ocHOBe AaHHbLIX CTaTUCTUKK C pa3HOiA
cTeneHblo JOCTOBEPHOCTHU

e heroku pg:bloat github.com/heroku/heroku-pg-extras

e check postgres.pl
bucardo.org/check postgres/check postgres.pl.html

e github.com/ioguix/pgsql-bloat-estimation
e pgstattuple extension
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https://github.com/heroku/heroku-pg-extras
https://bucardo.org/check_postgres/check_postgres.pl.html
https://github.com/ioguix/pgsql-bloat-estimation

b T A
Rﬁgéﬂ\ I() Table bloat

pg-utils/sql/table bloat.sql

table total

total toast waste table waste total
nspname | relname | size | size | percent | waste | percent | waste
--------- Sy S
public | obscure | 22 GB | O bytes | 72.9 | 16 GB | 72.9 | 16 GB
public | problems | 4814 MB | O bytes | 11.6 | 558 MB | 11.6 | 558 MB
public | may | 3428 MB | 8192 by | 2.0 | 68 MB | 2.0 | 68 MB
public | require | 103 MB | O bytes | 49.1 | 51 MB | 49.1 | 51 MB
public | unusual | 279 MB | 11 MB | 8.8 | 24 MB | 10.4 | 29 MB
public | solutions | 59 MB | O bytes | 41.3 | 24 MB | 41.3 | 24 MB
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https://github.com/PostgreSQL-Consulting/pg-utils/blob/master/sql/table_bloat.sql

Index bloat

Russia 16

pg-utils/sql/index_bloat.sql (btree indexes only)

table table index index index waste
schema | name | size | name | size | scans | percent | waste
________ T
public | alfa | 7046 MB | alfa_unifo | 6226 MB | 273454 | 80.0 | 5041 MB
public | alfa | 7046 MB | alfa_romeo | 4630 MB | 324259 | 69.0 | 3226 MB
public | bravo | 11 GB | bravo_hote | 6197 MB | 3562344 | 13.0 | 808 MB
public | alfa | 7046 MB | alfa_lima | 2154 MB | 6140 | 35.0 | 754 MB
public | delta | 13 GB | delta_echo | 1500 MB | 3045468 | 40.0 | 613 MB
public | alfa | 7046 MB | alfa_charl | 1850 MB | 2699598 | 24.0 | 454 MB
public | delta | 5421 MB | delta_foxt | 1780 MB | 12774 | 18.0 | 329 MB
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https://github.com/PostgreSQL-Consulting/pg-utils/blob/master/sql/index_bloat.sql

YA [$)] VACUUM FULL/CLUSTER

o exclusive lock
e requires additional space

e could be optimal for small tables

PostgreSQL-Consulting



Eﬁggﬂ'lts create new empty table and swap with existing

e noaxoanT ansi insert-only Tabany (norm)

e b6bICTpO

PostgreSQL-Consulting.com
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e nossosseT caenathb cluster Tabnuuebl
e TpebyeT JOMONHUTENLHOE MECTO MOA KOMUo Tabnuubl

L MO,D,I/ICbVILI,VIpyeT CUCTEMHDbIE KaTasnorm

PostgreSQL-Consulting



Eﬁ?é?&lﬁ pgcompact/pgcompacttable

e He TpebyeT MecTa nog Konuio Tabanubl
® MOXXHO pPEeryimpoBaTb HAarpysky Ha OUCKN

e paboTaeT Ha YPOBHE MPUSIOXKEHUS

PostgreSQL-Consulting



Eﬁgg&'l(; pgcompact/pgcompacttable kak pabotaer?

e initial vacuum table

e onpegenenne bloat Tabanu/mngekcos

o fake updates: update only xxx set a=a where ctid = ANY(?)
e vacuum table

e reindex concurrently
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pgcompacttable npobaemebi

o BO3MOXHOE HENCMONb30BaHMNeE VHAEKCOB Ha Pennke C
pgbouncer !

e He penaetcs analyze nocne nepecosganus dyHKLMOHANBHBIX
NHOEKCOB

e HeT TaiimayTa Ha alter index xxx rename to yyy
® MOXXHO CreHepupoBaTb 3Ha4uTenbHoe konmndectso WAL

® He OKMMaeT toast'bl

PostgreSQL-Consulting
http://bit.ly/28YROF0 Relation cache invalidation on replica



http://bit.ly/28YR0F0

PGDAY'<J£>
RUSSIA K) TOAST

What is your function?
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PGDAY'<J£>
RUSSIA Ib TOAST

e xpaHeHue aanHHbix (2kb+) 3HaueHnii

e pasbueaet Ha chunk'n no 2k6 u xpaHuUT B cneumnanbHOIR
Tabsnue B cxeme pg_toast

® MOXeT OKUMaTb AaHHble anroputmom LZ

e toast Tabnauubl Henb3s MognUUMPOBaTL

PostgreSQL-Consulting
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PGDAY'<J£>
RUSSIA K) TOAST

#create table test_toast (id serial primary key, payload text);
#insert into test_toast (payload)

select string_agg(md5(j::text),’’) from generate_series(1,1000) gs(j);
INSERT 0 1

# select reltoastrelid::regclass from pg_class where relname = ’test_toast’;
pg_toast.pg_toast_216572

# \d+ pg_toast.pg_toast_216572

TOAST table "pg_toast.pg_toast_216572"

Column | Type | Storage
____________ I SO
chunk_id | oid | plain
chunk_seq | integer | plain
chunk_data | bytea | plain

PostgreSQL-Consulting
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Eﬁg&f’lﬁ TOAST cleanup 7

update products set description = description ||
where id >= ... and id < ...;

vacuum products;

PostgreSQL-Consulting.com



e 23 bytes tuple header
e 1 byte padding or null bitmask
e total tuple size is multiple of MAXALIGN (8 bytes on x64)

PostgreSQL-Consulting



RUSSIA

PGDAY '-I(;

Paddings

Kakas tabnuua menbie?

test_paddings (

id integer,

is_active bool,
created_at timestamp,
is_removed bool,
updated_at timestamp
)s

test_paddings2 (

id integer,
created_at timestamp,
updated_at timestamp,
is_active bool,
is_removed bool

)

insert into test_paddings* ...

INSERT 0 100000

test_paddings3 (

id integer,

is_active bool,
is_removed bool,
created_at timestamp,
updated_at timestamp
);
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RUSSIA

PGDAY '-I(;

Paddings

Kakas Ttabnuua menblie?

test_paddings (

id integer,

is_active bool,
created_at timestamp,
is_removed bool,
updated_at timestamp
);

5912 kB

test_paddings2 (

id integer,
created_at timestamp,
updated_at timestamp,
is_active bool,
is_removed bool

)

5912 kB

test_paddings3 (

id integer,

is_active bool,
is_removed bool,
created_at timestamp,
updated_at timestamp
);

5120 kB
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PGDAY "< £> :
RUSSIA [ Paddings

test_paddings: 56 bytes
23 bytes header id: 4 bytes .
created_at: 8 bytes . updated_at: 8 bytes

test_paddings2: 56 bytes
23 bytes header id: 4 bytes
created_at: 8 bytes  updated_at: 8 bytes [N

test_paddings3: 48 bytes
23 bytes header id: 4 bytes [
created_at: 8 bytes updated_at: 8 bytes

PostgreSQL-Consulting
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PGDAY "< £> :
RUSSIA [ Paddings

select ... from pg_type where typname in (...) order by typlen;
typname | typlen | typalign

___________ Bt S,

json | -11 4

jsonb | -11 4

numeric | -11 4

varchar | -11 4

text | -114

bool | 111

int2 | 2] 2

int4 | 41 4

date | 414

float8 | 8 | 8

timestamp | 81 8

int8 I 8|8 PostgreSQL-Consulting



Empty values

Russia 16

name | pg_column_size
____________ o e
null | 02
77 itext | 4

{}?::json | 6
’{}’::jsonb | 8
{}’::int[] | 16

PostgreSQL-Consulting

2when less than 8 nullable fields in a row



Eﬁgéﬁ'u; Emergency? Monitoring!

e check long running transactions

e wal keep segments, checkpoint segments (max _wal size)
e reserved space

e remove/compress logs

e check biggest tables/indexes

e move to another tablespace
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e 3naem pa3mepsbl Tunos, tuple header, paddings

VYpansiem/apxusupyem HeHyxHoe (Tabnuupl, MHAEKCHI)

Bopemcs c bloat
e Cnegum 3a mectom

e [Nnanupyem obHOBNEHME AUCKOB 3apaHee

PostgreSQL-Consulting



'l \
AN [Sl Useful links

e PostgreSQL Manual 63.1. Database File Layout

e Different Approaches for MVCC used in well known Databases
e PostgreSQL Manual 63.2. TOAST

e github.com/pgexperts/pgx __scripts

e github.com/reorg/pg _repack

e github.com/grayhemp/pgtoolkit

e github.com/PostgreSQL-Consulting/pgcompacttable

e github.com/PostgreSQL-Consulting/pg-utils

o www.slideshare.net/alexius2/
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https://www.postgresql.org/docs/9.5/static/storage-file-layout.html
http://amitkapila16.blogspot.com/2015/03/different-approaches-for-mvcc-used-in.html
https://www.postgresql.org/docs/9.5/static/storage-toast.html
https://github.com/pgexperts/pgx_scripts/
https://github.com/reorg/pg_repack
https://github.com/grayhemp/pgtoolkit
https://github.com/PostgreSQL-Consulting/pgcompacttable
https://github.com/PostgreSQL-Consulting/pg-utils
http://www.slideshare.net/alexius2/

‘o] £ .

alexey.ermakov@postgresql-consulting.com
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