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O 4em cerogHsa byaem rosopuTb

e Kak NnaHMpOBLLMK OLIEHUBAET YNCIO CTPOK B Tabnuue

o Kak onpefensieTcsi CeNEeKTUBHOCTbL YCNOBUI B 3anpocax

Kakas cobupaetca ctaTuctuka

e [lonesHble npuembl

pabau n cnocobel ux obxoaa

L MOHVITOpI/IHI' npon3BOANTENIBHOCTN U ANArHOCTUNKA npo6neM
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Connection

Parser

e Rewrite system

Planner/Optimizer

e Executor
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Kak BbinosiHsieTcs 3anpoc’?

o reHepmpyeTCH MHOX>XECTBO MJIAHOB BbINMNOJIHEHUA

o [Ins Ka)kgoii sneMeHTapHOl onepauumn OLEHNBAETCS YMCIO CTPOK 1 BpeMS
BbIMNONHEH S

e Bonbuwe Tabnuy B 3anpoce = [o/blue BPEMS NIAHUPOBAHNS
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EBQQIYA Preparing test case

pgday=# create table posts (
id serial primary key,
category_id integer,

content text,

rating integer not null);

pgday=# create index concurrently posts_category_id on posts using btree(category_id);
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Preparing test case

pgday=# \d+ posts
Table "public.posts"

Column | Type | Modifiers | Storage | Stats target | Description
_____________ By
id | integer | not null default nextval(...) | plain |
category_id | integer | | plain |
content | text | | extended |
rating | integer | not null | plain |
Indexes:

"posts_pkey" PRIMARY KEY, btree (id)
"posts_category_id" btree (category_id)
Has OIDs: no

PostgreSQL-Consulting
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Preparing test case

pgday=# insert into posts (category_id, content, rating)

select floor(100*random()), -- paBHOMepHOe pacupezenenue Ha [0..99]
’hello world ° || id,
normal_rand(1, 50, 10) -- HopManbHOe pacmpegzeneHne ¢ mean = 50, stddev = 10

from generate_series(1, 10000) gs(id);
INSERT O 10000

PostgreSQL-Consulting
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Preparing test case

pgday=# select * from posts order by id limit 5;

id | category_id | content | rating
b R oo
1| 28 | hello world 1 | 40
2 | 83 | hello world 2 | 39
31 16 | hello world 3 | 52
4 | 60 | hello world 4 | 53
5 | 26 | hello world 5 | 49

(5 rows)

PostgreSQL-Consulting
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cardinality

pgday=# explain select count(*) from posts;
QUERY PLAN

Aggregate (cost=198.00..198.01 rows=1 width=0)
-> Seq Scan on posts

(cost=0.00..173.00 rows=10000 width=0)
(2 rows)

PostgreSQL-Consulting.com



PGDAY
RUSSIA

cardinality

pgday=# select reltuples, relpages from pg_class where relname = ’posts’;

reltuples | relpages
___________ e

10000 | 74

reltuples % ¢ rrent relpages
relpages -

rows =~

select n_tup_ins, n_live_tup, last_autoanalyze, autoanalyze_count

from pg_stat_user_tables where relname = ’posts’;

last_autoanalyze | autoanalyze_count

n_tup_ins | n_live_tup |
___________ U,

10000 | 2015-07-04 02:22:04.806939+07 | 1

PostgreSQL-Consulting
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e inserted + updated + deleted > threshold = run autoanalyze

e threshold = autovacuum analyze threshold +
reltuples¥*autovacuum analyze scale factor

e autovacuum_analyze scale factor (default = 0.1)
e autovacuum_analyze threshold (default = 50)
e default statistics target (default = 100 since 8.4)

e rows in sample = 300 * stats_target

PostgreSQL-Consulting
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pgday=# \d+ pg_stats
Column

tablename

attname

null_frac

avg_width
n_distinct
most_common_vals
most_common_freqs
histogram_bounds
correlation
most_common_elems
most_common_elem_freqgs

elem_count_histogram

pg stats

name
name
real
integer
real
anyarray
reall[]
anyarray
real
anyarray
reall]
reall]

| Modifiers

Storage

extended
extended
extended
plain

extended
extended

extended

| Description

PostgreSQL-Consulting
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pgday=# \x
Expanded display is on.

pgday=# select * from pg_

schemaname
tablename
attname
inherited
null_frac

avg_width

most_common_vals
most_common_fregs
histogram_bounds

|
|
|
|
|
n_distinct
|
|
|
correlation |

pg stats

stats where tablename = ’posts’ and attname = ’id’;

public
posts
id

£

{1,100,200,300,400,500,600,700,
1

,9400,9500,9600,9700,9800,9900,10000}

PostgreSQL-Consulting
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selectivity estimate

pgday=# explain select count(*) from posts where id < 250;
QUERY PLAN
Aggregate (cost=14.29..14.29 rows=1 width=0)
-> Index Only Scan using posts_pkey on posts (cost=0.29..13.66 rows=250 width=0)
Index Cond: (id < 250)

histogram_bounds | {1,100,200,300,400,500,600,700, ... ,9400,9500,9600,9700,9800,9900,10000}
2.4 250200
selectivity = % = 0.025

rows =2 selectivity * cardinality = 0.025 * 10000 = 250
PostgreSQL-Consulting
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pg stats

pgday=# select * from pg_stats where tablename = ’posts’ and attname = ’category_id’;

schemaname | public
tablename posts
attname category_id
inherited £

null_frac 0

avg_width 4
n_distinct 100

most_common_freqgs {0.0121,0.012,0.0118,0.0117,0.0116,0.0115,0.0115,0.0115,0.0114, ...}
histogram_bounds
correlation 0.0194019
most_common_elems

most_common_elem_freqgs

PostgreSQL-Consulting

I
|
|
|
|
I
most_common_vals | {98,22,20,99,32,6,23,92,7,18,65,67,14,26,28,76,77,84,...}
|
|
|
|
|
|

elem_count_histogram
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selectivity estimate

pgday=# explain select count(*) from posts where category_id = 98;
QUERY PLAN
Aggregate (cost=83.78..83.79 rows=1 width=0)
-> Bitmap Heap Scan on posts (cost=5.22..83.48 rows=121 width=0)
Recheck Cond: (category_id = 98)
-> Bitmap Index Scan on posts_category_id (cost=0.00..5.19 rows=121 width=0)
Index Cond: (category_id = 98)

most_common_vals | {98,22,20,99,32,6,23,92,7,18,65,67,14,26,28,76,77,84, ...}
most_common_fregs | {0.0121,0.012,0.0118,0.0117,0.0116,0.0115,0.0115,0.0115,0.0114, ...}

selectivity = 0.0121

PostgreSQL-Consulting
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pg stats

pgday=# alter table posts alter column category_id set statistics 10;
ALTER TABLE

pgday=# analyze posts;
ANALYZE

pgday=# \d+ posts
Table "public.posts"

Column | Type | Modifiers | Storage | Stats target | Description
_____________ Sy

category_id | integer | | plain | 10

PostgreSQL-Consulting



PGDAY
RUSSIA

pg stats

pgday=# select * from pg_stats where tablename = ’posts’ and attname = ’category_id’;

schemaname | public
tablename posts
attname category_id
inherited £

null_frac 0

avg_width 4
n_distinct 100

most_common_freqs
{0,9,20,29,39,50,60,70,80,90,99}
0.0194019

histogram_bounds
correlation
most_common_elems

most_common_elem_freqgs

PostgreSQL-Consulting
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selectivity estimate

pgday=# explain select count(*) from posts where category_id = 98;
QUERY PLAN
Aggregate (cost=84.48..84.49 rows=1 width=0)
-> Bitmap Heap Scan on posts (cost=5.06..84.23 rows=100 width=0)
Recheck Cond: (category_id = 98)
-> Bitmap Index Scan on posts_category_id (cost=0.00..5.04 rows=100 width=0)
Index Cond: (category_id = 98)

1—null _frac—sumcommon __ p(row in histogram bounds) _ 1-0-0 _ 0.01
n_distinct—distinctcommon ~— number of distinct values in histogram bounds — 100-0 — *°

rows =2 selectivity * cardinality = 0.01 * 10000 = 100

selectivity =

PostgreSQL-Consulting
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Statistical independence

pgday=# explain analyze select count(*) from posts where category_id = 98 and id < 250;
QUERY PLAN

Aggregate (cost=14.29..14.30 rows=1 width=0) (actual time=0.132..0.132 rows=1 loops=1)
-> 1Index Scan using posts_pkey on posts (cost=0.29..14.29 rows=2 width=0)
(actual time=0.081..0.129 rows=3 loops=1)
Index Cond: (id < 250)
Filter: (category_id = 98)

selectivity = selectivityl * selectivity2 = 0.025 * 0.01 = 0.00025
rows =2 selectivity * cardinality = 0.00025 * 10000 = 2.5
PostgreSQL-Consulting
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pg stats

pgday=# select * from pg_stats where tablename = ’posts’ and attname = ’rating’;

schemaname
tablename
attname
inherited
null_frac

avg_width

|

|

|

|

|

|
n_distinct

most_common_vals |

most_common_fregs |

histogram_bounds |

correlation |

most_common_elems |

|

most_common_elem_freqgs

public
posts
rating
£

0

4

72

{50,51,48,54,49,55,56,53,52,47,46,45,57,44,43,42,59,58,41,60,39,40,61, . . .
{0.0411,0.0407,0.0399,0.0389,0.0384,0.038,0.0374,0.0369,0.0365,0.0355, . . .
{12,23,25,26,27,28,29,29,30,30,31,31,31,32,32,32,33,33,33,33,67,67,67, . ..

0.0412645

PostgreSQL-Consulting
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pg_stats: distribution of functional indexes

pgday=# create index concurrently posts_expr_idx on posts using btree((rating~2));

select * from pg_stats where tablename = ’posts_expr_idx’;--tablename? no, index name
tablename | posts_expr_idx

attname expr

avg_width 8

n_distinct 72

most_common_vals
most_common_freqgs

histogram_bounds

{2500,2601,2304,2916,2401,3025,3136,2809,2704,2209,2116,2025,3249,1936. . .}
{0.0411041,0.0407041,0.039904,0.0389039,0.0384038,0.0380038,0.0374037...}
{144,529,625,676,729,784,841,841,900,900,961,961,961,1024,1024,1089. ..}

pgday=# alter index posts_expr_idx alter column expr set statistics 1000;--no documentation!

PostgreSQL-Consulting
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default estimators

/src/include/utils/selfuncs.h

/* default selectivity estimate for equalities such as "A = b" x/

#define DEFAULT_EQ_SEL 0.005

/* default selectivity estimate for inequalities such as "A < b" x/

#define DEFAULT_INEQ_SEL 0.3333333333333333

/* default selectivity estimate for range inequalities "A > b AND A < c" */
#define DEFAULT_RANGE_INEQ_SEL 0.005

/* default selectivity estimate for pattern-match operators such as LIKE */
#define DEFAULT_MATCH_SEL 0.005

PostgreSQL-Consulting
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default estimators

pgday=# explain analyze select count(*) from posts where id < (select 100);
QUERY PLAN
Aggregate (cost=134.95..134.96 rows=1 width=0) (actual time=0.083..0.083 rows=1 loops=1)
InitPlan 1 (returns $0)
-> Result (cost=0.00..0.01 rows=1 width=0) (actual time=0.001..0.001 rows=1 loops=1)
-> 1Index Only Scan using posts_pkey on posts (cost=0.29..126.61 rows=3333 width=0)
(actual time=0.031..0.069 rows=99 loops=1)
Index Cond: (id < $0)
Heap Fetches: 99

selectivity = 0.3333333333333333 .
A PostgreSQL-Consulting
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OueHxka pacnpegenenusi B Hebonbluoii Tabnnue

pgday=# select count(*), count(distinct category_id) as ndistinct from posts;
count | ndistinct
_______ e

10000 | 100

PostgreSQL-Consulting.com
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RUSSIA Ouenka pacnpegenenus B HebonbLIOA Tabnuue

pgday=# select category_id, count(*),
count (*) * 100/ (sum(count(*)) over ())::float as count_percent

from posts group by 1 order by 2 desc limit 5;

category_id | count | count_percent

_____________ o
4 | 124 | 1.24
97 | 123 | 1.23
24 | 121 | 1.21
20 | 118 | 1.18
0| 117 | 1.17

PostgreSQL-Consulting




i

e OueHb MefNeHHO
e A eCnn Hy>KHO NOCMOTPETb HECKONBLKO pacnpeneneHnii?

e pg stats copepxuT bonbLue nHpopmauny u ropasgo ynobHei

PostgreSQL-Consulting
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I_Ipomex(yTOqule BbIBOAbI

e pg stats coaepXXmMT MHOro nosie3Hoi nHpopMaLMK, BaXKHO yMETb OTTyAa ee
4ynTaThb

e stats target MOXXHO MeHsiITb, npuyem per column

¢ HekoTopbie HacTpoiikn autovacuum/autoanalyze cTonT MeHsITb, NPUHEM MOXHO
MeHsATb per table

L ﬂpep,nonaraeTCﬂ CTaTUCTN4eCKasa HE3aBUCNMOCTb yc.ﬂOBI/II7|

PostgreSQL-Consulting
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CO3A3HM€ HaCTUYHbIX NHOEKCOB

He BCcerga Hy>KHO UHOEeKCUpoBaATb BCe 3Ha4YeHus

\dt+ foo

CIMCOK OTHOWeHUH
Cxema | Nms | Tun | Bmagemern | Pasmep | Ommcanume
-------- e
public | foo | Tabmuma | postgres | 73 GB |

select reltuples::int from pg_class where relname = ’foo’;

reltuples

73251096

PostgreSQL-Consulting
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CO3A3HM€ HaCTUYHbIX NHOEKCOB

RUSSIA
select * from pg_stats where tablename = ’foo’ and attname = ’bar_id’;
null_frac | 0.00739433
avg_width | 4
n_distinct | 50
most_common_vals | {20,31,73,26,3,235,38,37,183,167,110,27,147,165, ...}
most_common_freqs | {0.555908,0.117836,0.10815,0.100445,0.0505153,0.017418,0.0101523, ...}
SELECT f.x*
FROM foo f

WHERE f.bar_id = 183
ORDER BY f.id DESC OFFSET O LIMIT 20

Hanpawwugaertcs ungekc Ha (bar_id, id), Ho... PostgreSQL-Consulting
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CO3A3HM€ HaCTUYHbIX NHOEKCOB

RUSSIA
select * from pg_stats where tablename = ’foo’ and attname = ’bar_id’;
null_frac | 0.00739433
avg_width | 4
n_distinct | 50
most_common_vals | {20,31,73,26,3,235,38,37,183,167,110,27,147,165, ...}
most_common_freqgs | {0.555908,0.117836,0.10815,0.100445,0.0505153,0.017418,0.0101523, ...}

88% szanuceli npuxoanTcs Ha 4 3HadeHus

PostgreSQL-Consulting
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CO3A3HM€ HaCTUYHbIX NHOEKCOB

[MosToMy [OCTaTOYHO 4aCTUYHOrO MHAEKCA, KOTOpbIA pa3 B 10 MeHbLUe NOAHOMO:

create index concurrently foo_bar_id_id_partial on foo
using btree(bar_id, id) where bar_id not in (20,26,31,73);

\di+ foo_bar_id_id_partial

Cxema | Nust |  Tun | Bnagemner | Tabmuma | Pasmep | Omucanme
________ g

public | foo_bar_id_id_partial | mmmekc | postgres | foo | 758 MB |

[Ons sanpocos ¢ bar_id n3 cnucka byaeT acbhekTMBHO NCNONBL30BATLCS NHAEKC MO id

PostgreSQL-Consulting



select ... from table where a = ? and b = 7

Kakoli nHaekc cospaTb?
e a
ea b

(a, b)

(b, a)

a where b = smth

® a3 MOXET BOO6L|J|e He Hy)KeH I/IH,EI,eKC? PostgreSQL COnsulting
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CospgaHmne onTUManbLHOro MHAEKCA

o CMOTpI/IM TUNWYHbIE NapaMeTpPbl B 3aMpoce B 21I0Orax U COOTBETCTBYIOWHNE NJIaHbI
NX BbIMOJIHEHNA

e CmoOTpuM pacnpegenerus
e Buibupaem ycnoeus ¢ MuHumMansHeim selectivity
e Crapaemcsi Ha HMX COCTaBUTb UHAEKC M NOCTaBUTb UX B HAYaslo

e Ha ycnoeusi ¢ bonbwmm selectivity ckopeii BCero MHAEKC He Hy>KeH

PostgreSQL-Consulting
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"pabnn

ﬁ' PGDAY
o RUSSIA

OTcyTcTtBue cross columns cTaTUCTUKN (MHOTOMEpPHBIX pacnpeeneHnii)

pgday=# explain analyze select count(*) from posts where content < ’hello world 250°;
Aggregate (cost=203.24..203.25 rows=1 width=0) (actual time=3.317..3.317 rows=1 loops=1)
-> Seq Scan on posts (cost=0.00..199.00 rows=1697 width=0)
(actual time=0.016..3.111 rows=1669 loops=1)

pgday=# explain analyze select count(*) from posts where content < ’hello world 250’ and id < 250;
Aggregate (cost=14.39..14.40 rows=1 width=0) (actual time=0.183..0.184 rows=1 loops=1)
-> Index Scan using posts_pkey on posts (cost=0.29..14.29 rows=42 width=0)
(actual time=0.034..0.155 rows=168 loops=1)

1697*0.025 = 42.425 PostgreSQL-Consulting
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OTcyTCTBI/Ie cross columns crtaTucTukmn (MHOI'OMeprIX pacnpep,eneHMDi)

pgday=# explain analyze select count(*) from posts where id < 250 and
(content < ’hello world 250° or abs(id) < 0);
QUERY PLAN
Aggregate (cost=15.81..15.82 rows=1 width=0) (actual time=0.210..0.210 rows=1 loops=1)
-> 1Index Scan using posts_pkey on posts (cost=0.29..15.54 rows=112 width=0)
(actual time=0.032..0.185 rows=168 loops=1)

Index Cond: (id < 250)
Filter: ((content < ’hello world 250’::text) OR (abs(id) < 0))

PostgreSQL-Consulting
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OTcyTcTBYe CTaTUCTUKM NO jSON NOASIM
e B pg_stats BoobLe HET 3anuceii no json nosasim
e a 3HauuT, 4To n Het null _frac, n_distinct n npouero

e Hanpumep, ecnu MHoro null B 3Tom none u ects ycnosume Ha not null, To naan
MOXET BbIOpPaTbCs HEONTUMAbHbIN

e 1o jsonb cTaTuctuka ectb

PostgreSQL-Consulting
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Hencnonb3oBaHune cTtaTucTukmn yintanay onepartopos

pgday=# create table test as select array[100]::integer[] as f1 from
generate_series(1,10000) ;
SELECT 10000
pgday=# analyze test;
ANALYZE
pgday=# explain analyze select * from test where f1 && array[100];
QUERY PLAN
Seq Scan on test (cost=0.00..532.40 rows=10000 width=25)
(actual time=0.048..6.207 rows=10000 loops=1)
Filter: (f1 && °100’::integer[])

PostgreSQL-Consulting



PGDAY’
RUSSIA

Hencnonb3oBaHne cTtaTucTukn yintanay onepartopos

pgday=# create extension intarray;

CREATE EXTENSION
pgday=# explain analyze select * from test where f1 && array[100];

QUERY PLAN

Seq Scan on test (cost=0.00..199.00 rows=10 width=25)
(actual time=0.051..6.493 rows=10000 loops=1)

Filter: (f1 && °100°::integer[])

PostgreSQL-Consulting
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Hencnonb3oBaHue cTtaTucTuky y intarray onepatopos

pgday=# explain analyze select * from test where f1 OPERATOR(pg_catalog.&&) array[100];
QUERY PLAN
Seq Scan on test (cost=0.00..199.00 rows=10000 width=25)
(actual time=0.021..5.686 rows=10000 loops=1)
Filter: (f1 OPERATOR(pg_catalog.&&) ’100’::integer[])

PostgreSQL-Consulting
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HepoctaTouHblii statistics _target

Hanpumep, nonck HecywiecTsytowero (penKkoro) sHauyeHusi B 04eHb DosbLUIOi
Tabsmue no nonto ¢ Hebonbwmm n_ distinct

1—null _frac—sumcommon __ p(row in histogram bounds)
n_distinct—distinctcommon ~— number of distinct values in histogram bounds

selectivity =
Yem bonblue statistics target = Tem Gonble sumcommon (cymma most common
fregs)
OueHKa MOXET OT/INYATLCS HA HECKOJIBKO MOPSIAKOB
BbikpyumBaem stats target go 1000-10000
Analyze MoxeT BbITb MeANIEHHBIM

PostgreSQL-Consulting



Statistics Collector Views
e pg stat user tables
e pg stat user indexes
e pg stat user functions
e pg stat database
e pg stat activity
e pg statio user tables

e pg statio user indexes

PostgreSQL-Consulting



pg_stat reset() - cObpoc Bceli “MOHUTOPUHIOBON CTAaTUCTMKN B TekyLueil Dase

e track io_timing

track functions
stats_temp _directory - RAM disk

track activity query size

PostgreSQL-Consulting
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pg stat statements

pgday=# select * from (select unnest(proargnames) from pg_proc where proname = ’pg_stat_statements’)
unnest

userid

dbid

query

calls

total_time

rows

blk_read_time

blk_write_time

PostgreSQL-Consulting
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pg stat statements

total time: 50:49:48 (I0: 0.64%)

total queries: 301,163,398 (unique: 9,206)

report for all databases, version 0.9.3 @ PostgreSQL 9.2.13
tracking top 10000 queries, logging 100ms+ queries

pos:1 total time: 14:39:43 (28.8%, CPU: 28.8%, I0: 36.8%) calls: 4,895,890 (1.63%)
avg_time: 10.78ms (IO: 0.8%)
user: bravo db: echo rows: 4,895,890 query:
SELECT sum(o.golf) as golf, sum(o.romeo) as romeo, sum(o.whiskey) as whiskey,
sum(o.hotel) as hotel FROM oscar AS o LEFT JOIN uniform AS u ON u.kilo = o.kilo JOIN

PostgreSQL-Consulting



e pg stat statements.max
e pg_stat statements.track
e pg stat statements.track utility

PostgreSQL-Consulting.com
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3aknoyeHne

B PostgreSQL cobupaetca 2 Buaa CTaTUCTMKU: MO PACMpemesieHnaAM gaHHbIX
(cobmpaetcs autoanalyze) n pasnuyHble cucTemHble cuetTHnku (cobupaercs stats
collector)

e C 1x NOMOLLbLIO MOXKHO BbISIBNSATE NPObIEMHbBIE MECTA U YCTPaAHATL HUX
e [1naHMpoBWWK MHOrga MOXET owwmnbaTbcs

e pg stat statements cTonT ncnonbsosaTb

PostgreSQL-Consulting



PostgreSQL Manual 61.1. Row Estimation Examples
PostgreSQL Manual 27.2. The Statistics Collector

depesz: Explaining the unexplainable

https://github.com/PostgreSQL-Consulting/pg-utils

http://blog.postgresql-consulting.com/

PostgreSQL-Consulting


http://www.postgresql.org/docs/9.4/static/row-estimation-examples.html
http://www.postgresql.org/docs/9.4/static/monitoring-stats.html
http://www.depesz.com/tag/unexplainable/
https://github.com/PostgreSQL-Consulting/pg-utils
http://blog.postgresql-consulting.com/
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