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MHOEKC KaK «cepebpsHasa nynisg»

the only weapon that is effective against a werewolf, witch, or other monsters.




MHOEKC KaK «cepebpsHasa nynisg»

* MHAeKc — 3To AOMNOJIHUTEeNbHAA CTPYKTYPaA AaHHbIX (He SQL) ann
ycKopeHua paboTbl 3anpocos.

° Pe3yanaT 3dMpPoOCa C "HAEKCOM U bes3 AO/1KHbI ObITb OANHAKOBbI I

* MIHAeKcbl BaXXHbl ANA
* [ToncKa - obblYHOE MCNO/Ib30BaAHMUE

* OrpaHM4YeHnn uenocTHOCTHU
* COpPTUPOBKMU,rPyNnnMpPOBKN, coeanHeHna Tabauy,

* MHOEeKcbl He Bcerga noae3Hbl
* Manas CeNeKTUBHOCTb, 3aTpaTbl HA NoaAdepxaHue



MHOEKC KaK «cepebpsHasa nynisg»

* Pa3paboTtumkm npnnoxeHus

* SQL KaK A3blK — Tabaunubl, NpeacTaBieHna, TPaH3aKUMM, OrPaHNYEHNS,
3anpocsbl, paboTta ¢ AaHHbIMMU

* AogmunHuctpatopbl CYb/

* XpaHmnmu.l,e, 63Kanbl u BOCCTaHOBJ/1IEHUNE, MHAOEKCDI, HaCTpOVIKM, BbICOKaA
AOCTYNMHOCTb

* He 3HalOT 3anpoOCoB, a €C/IN Y3HAOT, TO HE MOTYT UX NOMEHSATD.
* MHAEeKCbl A0MKHbI 6biTb 3a60TOM pa3pabounkos npunoxxeHmn !
* MOHUTOPUHI UHAEKCOB OCTAaeTCA a4MUHUCTPATOpPaM



Hpekc B PostgreSQL

* Bce MHAEKCbl — BTOPUYHbIE, OHW OTAEe/IeHbl OT Tabauubl. Bea
MHPOPMALMA O HUX COAEPKUTCA B CUCTEMHOM KaTasnore

* MHpeKcebl cea3biBatoT Katoum u TID (tuple id - #page: offset)

* MHAaeKcbl moryT 6bITb MHOrOKONOHYaTble, TONbKO GIN-MHAeKC
NOPAAOK KOJIOHOK He BaXKeH.

* MVCC: 3anucu Tabanubl metoT Bepcum (Tynabl), U3 KOTOPbIX TONIbKO
OAHa BUAHA KOHKPETHOW TPaH3aKLUMUN.

* MHAaeKcebl He coaeprKaT MHpopmaLumm 0 BUAUMOCTU

* Jltoboe obHOBNEHME 3annCcK B TabaunLe NpMBOAUT K NOAB/IEHUIO
HOBOW 3anuncK B UHAEKce, index bloat.



Icnonb3oBaHME MHAEeKca npuy noncke

NHAEeKC MOXeT MCcnoab30BaTbCcA ANA:
* WHERE expr opr value
* ORDER BY expr [ASC|DESC]
* ORDER BY expr opr value [ASC]



YcnoBusa Anga ncnosib3oBaHnsa nHaeKkca

* CoBnaaatoT onepaTop U TUMNbl aprymeHToB (MOpAaOK BarKeH)

* MHaeKc BanngeH (Hanpumep, concurrent index moxeT 6bITb He
Ba/INAEH)

* B MHOroKoNOH4YaTOM MHAEKce BaxKeH nopAdoK (ana GIN He BarkeH)

* MMnaH c ero ncnonb3oBaHUeM — onTUManeH (MMHUMaAbHAA
CTOMMOCTb)

* Bcto MHpopmaLmio noctrpec 6epeT U3 CUCTEMHOrO KaTasora



BbI6GOPp HY)XHOIO MHAEKCA: NPUMEpP

CREATE TABLE test3 AS (SELECT 1id, random() AS v, point(random(), random()) AS p
FROM generate series(1,1000000) id);

ALTER TABLE test3 ADD PRIMARY KEY (id);

CREATE INDEX test3 p _idx ON test3 USING gist (p);

CREATE INDEX test3 v _id _idx ON test3 (v, id);

SELECT * FROM test3 WHERE p <@ box(point(0.5, 0.5), point(0.51, 0.51));

Bitmap Heap Scan on test3 (cost=48.36..2805.41 rows=1000 width=28) (actual time=0.069..0.15
Recheck Cond: (p <@ '(0.51,0.51),(0.5,0.5)"::box)
-> Bitmap Index Scan on test3 p idx (cost=0.00..48.11 rows=1000 width=0) (actual time=0.(

Index Cond: (p <@ '(0.51,0.51),(0.5,0.5)"'::box)
Total runtime: 0.172 ms



BbIOOP HY)XHOIO MHAEKca: cxema

SELECT * FROM

est3 WHERE p <@ box(point(0.5, 0.5),

point(0.51, 0.51));

pg attribute

—operator attrelid | attname attnum | atttypid
oid oprname oprleft
377315 id 1 23
511 | <@ | 600 | 603 (boX —~— 2 701
512 | <@ 600 602 377315 3 t— 600
756 |\ <@ 600 604
pg_index
g amop pg_opclass indrelid indkey indclass
amopfamily|amopopr|amopstrategy opcfamily| opcname oid
377315 1¢ 1978
1029 511 28 1970|float8 ops| 3123 377315 | 3 - 10068
4015 511 \1976 int4_ops 1978 37731571 | 3123 1978
4016 511 8 1029 |point_ops |10068 <& . .




BblIOOp HY>XHOIoO MHAEKca: a/IfoPUTM

1.Monck Homepa 1 TMNa AaHHbIX cToNbua B pg_attribute no nmeHun ctondbua n Tabanubi
2.Mownck oid onepaTtopa B pg_operator o MeHn onepaTtopa 1 TMNAM ONepaHa0B
3.Monck nogxoaawmnx MHAEKCoB no Tabanue n Homepy ctonbua

4.Mowuck oid cemencTBa onepaTopos B pg_opclass no kKnaccam onepatopos

noaxXoAsLLNX NHAEKCOB
5.MoucK noaaepXmnBaemMmbiX MHAEKCaMM ONepaTopoB B pg_amop no oid cemeincTaa
onepatopos u oid onepaTtopa

6.lHAEeKCbl, KOTOpble NoAAEePHKUBAIOT HYXKHble onepaTopbl (HanaeHbl B pg_amop)
MOTYT B6bITb MCNONb30BaHbI.



UTO BCe 3TU «CKaHbIl» O3Ha4yarT ?

Seq Scan on tbl (cost=0.00..17.50 rows=700 width=8)
Filter: (a > 30)
Rows Removed by Filter: 300

Index Only Scan using ab_idx on tbl (cost=0.28..6.03 rows=100 width=8)
Index Cond: (a > 90)
Heap Fetches: 0

Bitmap Heap Scan on tbl (cost=9.67..20.92 rows=180 width=8)
Recheck Cond: (a > 90)
-> Bitmap Index Scan on ab_idx (cost=0.00..9.63 rows=180 width=0)
Index Cond: (a > 90)

Index Scan using ab_idx on tbl (cost=0.28..6.04 rows=1 width=38)
Index Cond: (a > 90)



Seqguential Scan

* YuTaem nocnenoBaTeNbHO TAabaULy U PUABTPYEM 3aMNMUCKU MO
I'Ipe,EIIVIKaTy
C<10

A B C D E




[TpocTenwmnn niaekc (Index Scan)

* Yntaem nocnenoBaTelbHO KONOHKY, YMTaem Tabaunuy (Tonbko
HY»KHbl€ 3aM1UCU), BbIUTPbILL 33 CHET MEHbLLIEro pasamepa KONOHKM

C<10

C A B C D E




[TpocTenwmnn niaekc (Index-only Scan)

* Yutaem nocnenoBaTe/IbHO KOJIOHKY, HAXOAMM HYKHble€ 3HAa4YeHUS U
HaNPAMMUK BblJAaEM HAPYKY, ECAN CTPAHMULbI TabanLbl MTOMeYeHbI B
C <10 Visibility Map abcontoTHo-BuaAUMbIMMU,

C A B C D E

\ Visibiliy

Map




[TpocTenwinm nHaeKc++

* YnopagoumBaem — nonydyaem b6bicTpbin Nnonck, yckopsem ORDER BY,
HO C/Iy4anHoOe YTeHue Tabnunupbl.

C<10

C A B C D E

T




B-tree nHpekc

* CTpOUM AepeBO — YMEHbLUaeM YTEHME MHAEKCA Npu bBbicTpom

NMNOnCKe

C<10

C

PE——————




GIST,GIN,SP-GIST nHaekcol

* lepeBo — wabnoH c API, nogaepKKa npomn3BobHbIX TUNOB AaHHbIX

C<10

C A B C D E

o D D —————




Bitmap index scan

* Pe3ynbraT Index scan coptupyem, ctpomm B namaATK bitmap index u
yutaem Tabaunuy. MoxKHO KombuHmMposaTb MHAEKCbI. NHOrAa
C<10 TpebyeTtca recheck.

C A B C D E

17
I




CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table name [ USING method ]
( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...]1 )
[ WITH ( storage parameter = value [, ... 1 ) 1
[ TABLESPACE tablespace name ]
[ WHERE predicate ]

Syntax:

ALTER INDEX
ALTER INDEX
ALTER INDEX
ALTER INDEX

IF EXISTS ] name RENAME TO new_ name

IF EXISTS ] name SET TABLESPACE tablespace name

IF EXISTS ] name SET ( storage parameter = value [, ... ] )
IF EXISTS ] name RESET ( storage parameter [, ... ] )

— r——

DROP INDEX [ CONCURRENTLY ] [ IF EXISTS ] name [, ...] [ CASCADE | RESTRICT ]



CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table name [ USING method ]
( { column_name | ( expression ) } [ COLLATE collation ] [ opclass [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...]1 )
[ WITH ( storage parameter = value [, ... 1 ) 1
[ TABLESPACE tablespace name ]
[ WHERE predicate ]

=# \d pg?:EIe 'pg catalog.pg am" =# select amname from pg _am,;
— T —= o amname
Column | Type | Modifiers
_________________ Foommmmmede e mm e btree
amname . | name . | not null hash ACCESS METHODS
amstrategies | smallint | not null gist
amsupport | smallint | not null gin |
amcanorder | boolean | not null spgist
R 5 OWS
amcanunique | boolean | not null ( Ws)

amoptions | regproc | not null



CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table name [ USING method ]
( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...1 )
[ WITH ( storage parameter = value [, ... 1 ) 1

[ TABLESPACE tablespace name ]
[ WHERE predicate ]

* storage_parameter
* BTREE, GIST - FILLFACTOR
* GIN — FASTUPDATE

* TABLESPACE — pa3meuleHne MHOEKCA Ha aNbTepHAaTUBHOM
XpaHunuwe AnAa yaydweHus ssoga/sbiBoa

* opclass — onepaTop ANA KONOHKM (ecnn AOCTYMNHbI HECKObKO)
* ASC|DESC — maTtumtb ORDER BY ana ncnonb3oBaHMA MHAEKCA



CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table_name [ USING method ]

( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...1 )
[ WITH ( storage parameter = value [, ... 1 ) 1

[ TABLESPACE tablespace name ]
[ WHERE predicate ]

* CONCURRENTLY — KOHKypeHTHOe co3aaHune nHaekca
* He 610KkmpyeT Tabanuy Ha USMEHEHMUSA bostgres=# \d tt
Cnacaet B «H60€eBbIX» YC/I0BUAX Table "public.tt"

TpebyeT ABa NPOXOAa M OKOHYAHMA BCEX Column | Modifiers
TEKYLYMX TPaH3aKL MM . |

Henb3s co3aasaThb B TPaH3aKLmMK Indexes: |
DROP INDEX CONCURRENTLY tt_idx" btree (i) INVALID

integer |




CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table name [ USING method ]
( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...1 )
[ WITH ( storage parameter = value [, ... 1 ) 1
[ TABLESPACE tablespace name ]
[ WHERE predicate ]

* QYHKUMOHANBbHbIN UHAEKC
* OyHKUMA gomkHa 6bITb IMMUTABLE
* «[Joporoe» M3meHeHUe MHAOEKCA
* YchoBue npu noncke AoaKHo «matimtb» CREATE INDEX

create index sin_idx on foo(sin(id));
=# explain select 1 from foo where sin(id)=0;
QUERY PLAN

Index Scan using sin_idx on foo (cost=0.14..8.16 rows=1 width=0)
Index Cond: (sin((id)::double precision) = 0::double precision)
(2 rows)




CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ name ] ON table_name [ USING method ]

( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC | DESC ]
[ NULLS { FIRST | LAST } 1 [, ...1 )

[ WITH ( storage parameter = value [, ... 1 ) 1

[ TABLESPACE tablespace name ]

[ WHERE predicate ]

* COLLATE collation mo»eT cunbHo BanAaTthb |
tags text|[]

* CREATE INDEX tagidx ON t USING gin (tags collate "C")

B 11 pa3 6bicTpee Ha 10,000,000 3anucax
CREATE INDEX tagidx ON t USING gin (tags collate «ru_RU.utf8»);



MOHUTOPWHI MHAEKCOB

* HEVICI'IOJ'Ib3y6MbIe UMHOEKCbI
NHpeKcbl-aybankaThl

[lepeceKatoLlmeca UHAEKCbI
Pe3ynbTaT 3BOMOLMOHHOTO Pa3BuTHs U/ mnm bapgaka
* 3aHMMAIOT MeCTOo
* 3ameanAatoT obHoBAEHME
* 3amegnAloT penanKauyuio

* leno DBA MOHUTOPUTb UHAEKCDI
* http://wiki.postgresql.org/wiki/Index_Maintenance



MOHUTOPUHI MHAEKCOB::Hencnonb3yemble
MHOEKChI

SELECT
schemaname || '.' || relname AS table,
indexrelname AS index,
pg size pretty(pg relation_size(i.indexrelid)) AS index_size,
idx_scan as index_scans
FROM pg stat user_indexes ui
JOIN pg _index i ON ui.indexrelid = i.indexrelid
WHERE NOT indisunique AND idx _scan < 50 AND pg relation_size(relid) > 5 * 819
ORDER BY pg relation_size(i.indexrelid) / nullif(idx _scan, ©) DESC NULLS FIRS
pg relation_size(i.indexrelid) DESC;

table | index | index _size | index_scans
---------------- o e e e e e e e e et e e e e e e e e e e e oo o -
public.apod | gin_apod fts idx | 1616 kB | 0
public.tbl | abl idx | 40 kB | 0
public.tbl | a_idx | 40 kB | 0
public.tbl | ba_idx | 40 kB | 0
public.reviews | reviews gin idx | 160 MB | 9
public.events | e date id | 3352 kB | 4
public.tbl | ab_idx | 88 kB | 28



=# \d tbl
Table "public.tbl"

Column | Type | Modifiers
MOHUTOPUHI NHOAEKCOB - SO AR
a | integer |
b | integer |
Indexes:
° _ "a_idx" btree (a)
NHaeKcbl-aybnmnkatbl 1 o heres ta. b)
* YyntbiBaem Bce nepece4vyeHuA "ab_idx" btree (a, b)

"ba_idx" btree (a, b)

SELECT a.indrelid::regclass, a.indexrelid::regclass, b.indexrelid::regclass
FROM (SELECT *,array to_string(indkey,' ') AS cols FROM pg index) a JOIN
(SELECT *,array_to _string(indkey,' ') AS cols FROM pg_index) b ON
( a.indrelid=b.indrelid AND a.indexrelid > b.indexrelid AND
( (a.cols LIKE b.cols||'%' AND coalesce(substr(a.cols,length(b.cols)+1,1),"' '")='" "' ) OR
(b.cols LIKE a.cols||'%' AND coalesce(substr(b.cols,length(a.cols)+1,1),"' '")=" ")
)
) ORDER BY 1indrelid;
indrelid | indexrelid | indexrelid

__________ e
tbl | a_idx | abl idx

tbl | a_idx | ba_idx

tbl | a_idx | ab_idx



MOHWUTOPUHI MHOEKCOB::AyonukaTtbl V2

SELECT idstat.relname AS tname,indexrelname AS 1iname,

pg size pretty(pg relation_size(idstat.relid)) AS tsize,
pg _size pretty(pg relation_size(indexrelid)) AS isize,

n_tup upd + n_tup_ins + n_tup_del as writes,
FROM pg stat user_ indexes AS idstat

JOIN pg_indexes ON (indexrelname

= jndexname AND idstat.schemaname =

JOIN pg stat user _tables AS tabstat ON idstat.relid

WHERE idstat.idx_scan
ORDER BY idstat.relname,

tname
apod
events

reviews
tbl
tbl
tbl
tbl
(7 rows)

iname
gin_apod fts_ idx
e date_id
reviews gin_idx
a_idx
abl idx
ab_idx
ba idx

used

< 200 AND indexdef !~*
indexrelname;

‘unique’

isize

1616 kB
3352 kB
160 MB
40 kB
40 kB
88 kB
40 kB

idstat.idx_scan AS

indexdef AS create

= tabstat.relid

| writes

| 1754
| 151643
| 589859
| 2000
| 2000
| 2000
| 2000

used,

pg_indexes.schemaname)

CREATE
CREATE
CREATE
CREATE
CREATE
CREATE
CREATE

gin_apod fts_ idx |
e date_id ON even
reviews gin_idx Ol
a_idx ON tbl USIN
abl idx ON tbl US
ab_idx ON tbl USII
ba_idx ON tbl USII



Bbi6op cnocoba ckaHnpoBaHUA Tabnnubl
(HET cTaTucTunKn)

CREATE TABLE testl WITH (autovacuum_enabled = off) AS (SELECT id, random() v FROM generate_ ser:
CREATE INDEX testl v _idx ON testl (v);

SELECT * FROM testl WHERE v BETWEEN 0.1 AND 0.9 Het ctatuctukm!
Bitmap Heap Scan on testl (cost=107.61..5701.58 rows=5000 width=12)
(actual time=63.206..205.054 rows=800235 loops=1)

Recheck Cond: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))

Rows Removed by Index Recheck: 152799

Buffers: shared hit=7596

-> Bitmap Index Scan on testl v idx (cost=0.00..106.36 rows=5000 width=0) (actual time=63
Index Cond: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))
Buffers: shared hit=2190

Total runtime: 239.768 ms



Bbi6bop cnocoba ckaHnpoBaHUA TabnnLbl
(HET cTaTtucTunKn)

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.500001; HeT ctaTuctnku!
Bitmap Heap Scan on testl (cost=107.61..5701.58 rows=5000 width=12)
(actual time=0.014..0.014 rows=1 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Buffers: shared hit=4
-> Bitmap Index Scan on testl v idx (cost=0.00..106.36 rows=5000 width=0) (actual time=0.011
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Buffers: shared hit=3
Total runtime: 0.035 ms

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6; Het ctatnuctnku!
Bitmap Heap Scan on testl (cost=107.61..5701.58 rows=5000 width=12)
(actual time=12.368..30.688 rows=99951 loops=1)

Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))

Buffers: shared hit=5681 read=1

-> Bitmap Index Scan on testl v _idx (cost=0.00..106.36 rows=5000 width=0) (actual time=11.64
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=275 read=1



Bbi6op cnocoba ckaHnpoBaHUA Tabnnubl
(ecTb cTaTucTumKa)

VACUUM ANALYZE testl,;

SELECT * FROM testl WHERE v BETWEEN ©.1 AND 0.9;
Seq Scan on testl (cost=0.00..20406.00 rows=801140 width=12)
(actual time=0.007..159.966 rows=800235 loops=1)
Filter: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))
Rows Removed by Filter: 199765
Buffers: shared hit=5406
Total runtime: 196.179 ms

SELECT * FROM testl WHERE v BETWEEN ©.5 AND 0.500001;
Index Scan using testl v _idx on testl (cost=0.00..8.38 rows=1 width=12)
(actual time=0.018..0.019 rows=1 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Buffers: shared hit=4
Total runtime: 0.037 ms



BnnaHne random_page cost

SET random_page cost = 1;

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Index Scan using testl v _idx on testl (cost=0.00..7666.22 rows=99349 width=12)
(actual time=0.035..63.101 rows=99951 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=100200
Total runtime: 67.788 ms



BnnaHme work _mem

SET work _mem = "128 kB';

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (cost=2110.69..9006.92 rows=99349 width=12) (actual time=11.010..]
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Rows Removed by Index Recheck: 688322
Buffers: shared hit=5682
-> Bitmap Index Scan on testl v _idx (cost=0.00..2085.85 rows=99349 width=0) (actual times=
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=276
Total runtime: 114.684 ms



maintenance work mem

SET maintenance _work mem = '1 MB';
CREATE INDEX testl v _idx ON testl (v);
Time: 1194,299 ms

SET maintenance_work mem = '128 MB';
CREATE INDEX testl v _idx ON testl (v);
Time: 708,644 ms

Yem 6bonblue namaTtn, Tem bbicTpee co34acTCa MHAEKC
(ecnun oHa AencTBUTENbHO ecTb)



CLUSTER

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (cost=2187.43..9137.44 rows=102934 width=12) (actual time=9.386..2¢
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=5682
-> Bitmap Index Scan on testl v idx (cost=0.00..2161.70 rows=102934 width=0) (actual time-
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=276
Total runtime: 33.688 ms

CLUSTER testl USING testl v_idx;

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (cost=2187.43..9137.44 rows=102934 width=12) (actual time=7.014..1:
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=816
-> Bitmap Index Scan on testl v idx (cost=0.00..2161.70 rows=102934 width=0) (actual times-
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=276
Total runtime: 20.461 ms



Tablespace

BbiaeneHme nHaeKkcoB B oTaebHbIN tablespace no3Bonsaer
ONTUMM3NPOBATbL HArpysKy Ha |O.

3aaaTb tablespace npu co3gaHun:

CREATE INDEX testl vl idx ON testl(vl) TABLESPACE idx tablespace;

N3meHnTb tablespace:

ALTER INDEX testl vl idx SET TABLESPACE 1idx_tablespace; - pgonrasa 3KCkKnio3uBHas 6nokupoBka!

BEGIN;
CREATE INDEX CONCURRENTLY testl vl idx2 ON testl(vl) TABLESPACE 1idx_tablespace;
DROP INDEX testl vl 1idx; - KOpoTKasa 3KCKwo3uBHas 6nokuposka!

ALTER INDEX testl vl idx2 RENAME TO testl vl idx;:
COMMIT;



Unlogged tables

MupeKebl no unlogged tables Toxke unlogged

(wal_level = hot_standby)
# CREATE TABLE test AS (SELECT id, random() AS val FROM generate series(1,5000000) 1id);

# CREATE INDEX test idx ON test(val),;
CREATE INDEX
Time: 9108,796 ms

# CREATE UNLOGGED TABLE test AS (SELECT 1id, random() AS val FROM
generate series(1,5000000) id);

# CREATE INDEX test idx ON test(val);

CREATE INDEX

Time: 8592,537 ms



Hpekcbl n LIKE

# CREATE INDEX dblp _titles idx ON dblp_titles(s);
# EXPLAIN ANALYZE SELECT * FROM dblp titles WHERE s LIKE 'Transaction%';
QUERY PLAN
Seq Scan on dblp titles (cost=0.00..57433.89 rows=12634 width=36) (actual time=0.030..321.498 r
Filter: (s ~~ 'Transaction%'::text)
Rows Removed by Filter: 2526351
Total runtime: 321.652 ms
(4 rows)

# CREATE INDEX dblp titles pattern_idx ON dblp titles(s text pattern_ops);
# EXPLAIN ANALYZE SELECT * FROM dblp titles WHERE s LIKE 'Transaction%';

QUERY PLAN
Index Scan using dblp titles pattern_idx on dblp titles (cost=0.00..9.18 rows=159 width=52) (ac
Index Cond: ((s ~>=~ 'Transaction'::text) AND (s ~<~ 'Transactioo'::text))
Filter: (s ~~ 'Transaction%'::text)

Total runtime: 0.706 ms
(4 rows)



NMHpekc n ORDER BY

SELECT * FROM testl ORDER BY v;
Index Scan using testl v_idx on testl (cost=0.00..47604.02 rows=1000000 width=12) (actual tir

Buffers: shared hit=8141
Total runtime: 188.832 ms

SET enable_indexscan = off;

SELECT * FROM testl ORDER BY v;
Sort (cost=132154.34..134654.34 rows=1000000 width=12) (actual time=636.567..752.384 rows=10¢
Sort Key: v
Sort Method: external sort Disk: 25424kB
Buffers: shared hit=5406, temp read=3178 written=3178
-> Seq Scan on testl (cost=0.00..15406.00 rows=1000000 width=12) (actual time=0.010..86.1"
Buffers: shared hit=5406
Total runtime: 819.682 ms



MHoekc, ORDER BY n LIMIT

SELECT * FROM testl ORDER BY v LIMIT 20;
Limit (cost=0.00..0.95 rows=20 width=12) (actual time=0.014..0.021 rows=20 loops=1)
Buffers: shared hit=4

-> Index Scan using testl v _idx on testl (cost=0.00..47604.02 rows=1000000 width=12) (actua
Buffers: shared hit=4

Total runtime: 0.033 ms A €C/IN HY}KHO «/INCTaHUE»?

SELECT * FROM testl ORDER BY v LIMIT 20 OFFSET 900000;
Limit (cost=42843.62..42844.57 rows=20 width=12) (actual time=178.863..178.868 rows=20 loops=1
Buffers: shared hit=7327
-> Index Scan using testl v_idx on testl (cost=0.00..47604.02 rows=1000000 width=12) (actua
Buffers: shared hit=7327
Total runtime: 178.887 ms Jlydlie noctapaTtbCcA cAenatb BOT TaK

SELECT * FROM testl WHERE v >= 0.9 ORDER BY v LIMIT 20;
Limit (cost=0.00..4.85 rows=20 width=12) (actual time=0.050..0.058 rows=20 loops=1)
Buffers: shared hit=3 read=1
-> Index Scan using testl v _idx on testl (cost=0.00..24503.79 rows=101021 width=12) (actual
Index Cond: (v >= 0.9::double precision)
Buffers: shared hit=3 read=1
Total runtime: 0.075 ms



CoctaBHOU nHaekc, ORDER BY u LIMIT

CREATE TABLE test4 AS (SELECT 1id, (random()*20::int) AS vl1, random() AS v2 FROM generate series(:
CREATE INDEX test4 v1 v2 idx ON testd (vl1l, v2);

SELECT * FROM test4 ORDER BY v1, v2 LIMIT 20;
Limit (cost=0.00..1.12 rows=20 width=20) (actual time=0.012..0.097 rows=20 loops=1)
-> Index Scan using test4 vl v2 1idx on testd4d (cost=0.00..55892.40 rows=1000000 width=20) (a
Total runtime: 0.110 ms

SELECT * FROM test4 WHERE (v1, v2) > (9,0.5) ORDER BY vl1, v2 LIMIT 20;
Limit (cost=0.00..1.58 rows=20 width=20) (actual time=0.025..0.088 rows=20 loops=1)
-> Index Scan using test4 vl v2 1idx on testd4 (cost=0.00..43628.52 rows=551512 width=20) (ac
Index Cond: (ROW(v1l, v2) > ROW(9::double precision, 0.5::double precision))
Total runtime: 0.111 ms



CoctaBHOU nHaekc, ORDER BY u LIMIT

SELECT * FROM test4 ORDER BY v1 LIMIT 20;
Limit (cost=0.00..1.12 rows=20 width=20) (actual time=0.016..0.042 rows=20 loops=1)
-> Index Scan using test4 vl v2 idx on testd4 (cost=0.00..55889.49 rows=1000000 width=20) (a
Total runtime: 0.060 ms

SELECT * FROM test4 ORDER BY v2 LIMIT 20;
Limit (cost=42979.64..42979.69 rows=20 width=20) (actual time=161.618..161.620 rows=20 loops=1
-> Sort (cost=42979.64..45479.64 rows=1000000 width=20) (actual time=161.616..161.618 rows=.
Sort Key: v2
Sort Method: top-N heapsort Memory: 26kB
-> Seq Scan on testd4d (cost=0.00..16370.00 rows=1000000 width=20) (actual time=0.036. .
Total runtime: 161.645 ms



Index only scan

ANALYZE test4;

SELECT v1, v2 FROM test4 WHERE vl BETWEEN 0.5 AND 0.51;
Bitmap Heap Scan on test4 (cost=18.15..1709.51 rows=561 width=16) (actual time=0.109..0.455 ros
Recheck Cond: ((vl >= 0.5::double precision) AND (vl <= 0.51::double precision))
-> Bitmap Index Scan on test4 vl v2 idx (cost=0.00..18.01 rows=561 width=0) (actual time=0.(
Index Cond: ((vl >= 0.5::double precision) AND (vl <= 0.51::double precision))
Total runtime: 0.488 ms

SET enable_bitmapscan = OFF;

SET enable_indexscan = OFF;

SET enable _seqgscan = OFF;

SELECT v1, v2 FROM test4 WHERE v1 BETWEEN 0.5 AND 0.51;

Index Only Scan using test4 vl v2 idx on test4 (cost=10000000000.00..10000002175.62 rows=561 w:
Index Cond: ((vl >= 0.5::double precision) AND (vl <= 0.51::double precision))
Heap Fetches: 482

Total runtime: 0.593 ms



Index only scan

VACUUM test4;

SELECT v1, v2 FROM test4 WHERE vl BETWEEN 0.5 AND 0.51;
Index Only Scan using test4 vl v2 1idx on testd4d (cost=10000000000.00..10000000023.62 rows=561 w
Index Cond: ((vl >= 0.5::double precision) AND (vl <= 0.51::double precision))
Heap Fetches: 0
Total runtime: 0.173 ms



Koraa MHAEeKC NCNO/b3YEeTCH

HeNnpaBWUbHO

CREATE TABLE test2 AS (SELECT 1id, polygon(20,circle(point(random(), random()),0.01)) AS p
FROM generate series(1,1000000) id);

ALTER TABLE test2 ADD PRIMARY KEY (id);

CREATE INDEX test2 box _idx ON test2 USING gist (p);

SELECT * FROM test2 tl1 JOIN test2 t2 ON t2.id > tl.id AND tl.p && t2.p;
Nested Loop (cost=196.89..15740565.92 rows=4166667 width=72) (actual time=9.464..93463.065 rows

->
->

Total

Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36) (actual time=0.027..54.015
Bitmap Heap Scan on test2 t2 (cost=196.89..313.72 rows=83 width=36) (actual time=1.845..1
Recheck Cond: ((tl.p && p) AND (id > tl.id))
Rows Removed by Index Recheck: 0
-> BitmapAnd (cost=196.89..196.89 rows=83 width=0) (actual time=1.751..1.751 rows=0 1lo
-> Bitmap Index Scan on test2 box idx (cost=0.00..6.41 rows=250 width=0)
(actual time=0.015..0.015 rows=2 1oops=50000)
Index Cond: (tl.p && p)
-> Bitmap Index Scan on test2 pkey (cost=0.00..190.18 rows=16667 width=0)
(actual time=1.733..1.733 rows=25000 1loops=50000)
Index Cond: (id > tl.id)
runtime: 93465.872 ms



[louemy TaK?

pg_operator

oprname oprrest oprjoin oprleft oprright

&&

areasel 604

areajoinsel 604 (polygon)

src/backend/utils/adt/geo_selfuncs.c

Datum
areasel (PG_FUNCTION_ ARGS)
{
PG_RETURN_FLOAT8(0.005) ;

}

Datum
areajoinsel (PG_FUNCTION_ARGS)
{
PG_RETURN_FLOAT8(0.005);
}



[lepeMeHHble N1aHNPOBLLMKA

SET enable_bitmapscan = OFF;

SELECT * FROM test2 tl JOIN test2 t2 ON t2.id > tl.id AND tl.p && t2.p;
Nested Loop (cost=0.00..18358598.00 rows=4166667 width=72) (actual time=2.458..11824.565 rows=1
-> Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36) (actual time=0.005..20.801
-> Index Scan using test2 box 1idx on test2 t2 (cost=0.00..366.08 rows=83 width=36) (actual t
Index Cond: (tl.p && p)
Rows Removed by Index Recheck: 0
Filter: (id > tl.1d)
Rows Removed by Filter: 1
Total runtime: 11826.029 ms



icnonb3oBaHue plantuner

LOAD 'plantuner';
SET plantuner.forbid _index='test2 pkey';

SELECT * FROM test2 tl JOIN test2 t2 ON t2.id > tl.id AND tl.p && t2.p;

Nested Loop (cost=6.43..17418092.51 rows=4166667 width=72) (actual time=1.547..12355.722 rows=1
-> Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36) (actual time=0.004..22.919
-> Bitmap Heap Scan on test2 t2 (cost=6.43..347.27 rows=83 width=36) (actual time=0.224..0.2.

Recheck Cond: (tl.p && p)
Rows Removed by Index Recheck: 0
Filter: (id > tl.1d)
Rows Removed by Filter: 1
-> Bitmap Index Scan on test2 box idx (cost=0.00..6.41 rows=250 width=0)
(actual time=0.014..0.014 rows=2 1oops=50000)
Index Cond: (tl.p && p)
Total runtime: 12357.238 ms

Bonbuwe npo plantuner: http://www.sai.msu.su/~megera/wiki/plantuner


http://www.sai.msu.su/~megera/wiki/plantuner

icnonb3oBaHue pg_hint_plan

LOAD 'pg hint _plan';

/*+ IndexScan(test2 test2 box idx) */
SELECT * FROM test2 tl JOIN test2 t2 ON t2.id > tl.id AND tl.p && t2.p;
Nested Loop (cost=0.00..18358598.00 rows=4166667 width=72) (actual time=2.457..11912.368 rows=1
-> Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36) (actual time=0.005..21.094
-> Index Scan using test2 box 1idx on test2 t2 (cost=0.00..366.08 rows=83 width=36) (actual t
Index Cond: (tl.p && p)
Rows Removed by Index Recheck: 0
Filter: (id > tl.1id)
Rows Removed by Filter: 1
Total runtime: 11913.821 ms

Bonbwe npo pg_hint_plan: http://habrahabr.ru/post/169751/


http://habrahabr.ru/post/169751/

He Bce N paBHO Korga caenatb MHOEeKC?

CREATE TABLE test5 (id integer PRIMARY KEY, v float8);

Time: 1,991 ms

CREATE INDEX test5 v _idx ON test5(v);

Time: 0,506 ms

INSERT INTO test5 (SELECT id, random() FROM generate series(1,1000000) id);
Time: 4909,127 ms

Total: 4911 ms

CREATE TABLE test5 (id integer, v float8);

Time: 0,763 ms

INSERT INTO test5 (SELECT id, random() FROM generate series(1,1000000) id),;
Time: 938,852 ms

ALTER TABLE test5 ADD PRIMARY KEY (id);

Time: 779,618 ms

CREATE INDEX test5 v _idx ON test5(v);

Time: 1195,492 ms

Total: 2915 ms



YacTUYHbIN MHOEKC

CREATE TABLE test6 AS (

SELECT 1id, (random()*20::int) AS vl1, random() AS v2 FROM generate series(1,1000000) id);
CREATE INDEX test6 vl 0O v2 idx ON test6 (v2) WHERE vl = 0;

SELECT * FROM test6 WHERE vl = O AND v2 BETWEEN ©.1 AND 0.4;

Index Scan using test6 vl 0 v2 1idx on test6 (cost=0.00..8.27 rows=1 width=20) (actual time=0.00
Index Cond: ((v2 >= 0.1::double precision) AND (v2 <= 0.4::double precision))
Total runtime: 0.037 ms

SELECT * FROM test6 WHERE v1 = 0;

Index Scan using test6 vl O v2 1idx on test6 (cost=0.00..8.27 rows=1 width=20) (actual time=0.00
Total runtime: 0.021 ms

SELECT * FROM test6 WHERE v2 BETWEEN 0.1 AND 0.2;

Seq Scan on test6 (cost=0.00..21370.00 rows=99962 width=20) (actual time=0.044..157.861 rows=10
Filter: ((v2 >= 0.1::double precision) AND (v2 <= 0.2::double precision))
Rows Removed by Filter: 899919

Total runtime: 162.312 ms



OYHKUNOHa/IbHbIN NHAOEKC

CREATE TABLE test7 AS (
SELECT 1id, random() AS v1l, random() AS v2 FROM generate series(1,1000000) id);

CREATE INDEX test/7 vl plus v2 1idx ON test7((vl + v2));

SELECT * FROM test7 WHERE v1 + v2 > 1.9;

Bitmap Heap Scan on test7 (cost=135.70..6911.42 rows=7140 width=20) (actual time=1.707..21.039
Recheck Cond: ((vl + v2) > 1.9::double precision)
-> Bitmap Index Scan on test/7 vl plus v2 idx (cost=0.00..133.91 rows=7140 width=0) (actual t

Index Cond: ((vl + v2) > 1.9::double precision)
Total runtime: 21.410 ms



Head Only Tuple (HOT)

CREATE TABLE test8 AS (SELECT 1id,

FROM generate series(1,1000000) id);

test8 vl idx ON test8(vl);
test8 v2 idx ON test8(v2);
test8 v3 idx ON test8(v3);

CREATE INDEX
CREATE INDEX
CREATE INDEX

test8 v1 idx
test8 v2 idx
test8 v3 idx

UPDATE test8
test8 v1 idx

test8 v2 idx
test8 v3 idx

VACUUM test8;

UPDATE test8

test8 v1 idx
test8 v2 idx
test8 v3 idx

- 21 MB
- 21 MB
- 21 MB

SET vi
23 MB

21 MB
21 MB

SET v2

- 23 MB
- 23 MB
- 21 MB

vl + 1 WHERE 1id % 20

v2 + 1 WHERE 1id % 20

random() AS vl,

0;

random() AS v2, random() AS v3

BctaBka B MHAeKc = delete, insert (MVCC)
ObHoBneHMe Tabanubl NpNUBOAUT K OOHOBNEHMUIO
BCeX NHEKCOB.

HOT (8.3+) no3BonaeT He 06HOBAATL MHAEKCHI NO
NOJIAM, KOTOPbIE HE MEHANUCD.

=# select n_tup_upd, n_tup_hot upd from pg stat user_ tables;
n_tup_upd | n_tup_hot upd

=# select n_tup_upd, n_tup_hot upd from pg stat user_tables;
n_tup_upd | n_tup_hot upd



KNN-GIST

CREATE TABLE test9 AS (
SELECT 1id, point(random(), random()) AS p FROM generate series(1,1000000) id);

SELECT * FROM test9 ORDER BY p <-> point(0.5, 0.5) LIMIT 10;
Limit (cost=41786.38..41786.41 rows=10 width=20) (actual time=331.506..331.509 rows=10 loops=1)
-> Sort (cost=41786.38..44382.16 rows=1038310 width=20) (actual time=331.500..331.501 rows=1
Sort Key: ((p <-> "(0.5,0.5)"::point))
Sort Method: top-N heapsort Memory: 25kB
-> Seq Scan on test9 (cost=0.00..19348.88 rows=1038310 width=20) (actual time=0.019..2
Total runtime: 331.528 ms

CREATE INDEX test9 p_idx ON test9 USING gist (p);

SELECT * FROM test9 ORDER BY p <-> point(0.5, 0.5) LIMIT 10;
Limit (cost=0.00..0.82 rows=10 width=20) (actual time=0.089..19.541 rows=10 loops=1)
-> Index Scan using test9 p idx on test9 (cost=0.00..81892.61 rows=1000000 width=20) (actual
Order By: (p <-> '"(0.5,0.5)"'::point)
Total runtime: 19.575 ms



MHOro nHaekcoB - MeayIeHHas BCTaBKa

\d+ document;
Table "public.document"

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

------------------ e
id | integer | not null | plain | |

kind | character varying(255) | not null | extended | |

uid | character varying(255) | not null | extended | |

sentenceld | character varying(255) | not null | extended | |

text | text | not null | extended | |

hepval | double precision | | plain | |

created | timestamp(@) without time zone | not null | plain | |

updated | timestamp(@) without time zone | | plain | |

cardval | double precision | | plain | |

nephval | double precision | | plain | |

phosval | double precision | | plain | |
patternCount | double precision | | plain | |

ruleScore | double precision | | plain | |
hepTermNormScore | double precision | | plain | |
hepTermVarScore | double precision | | plain | |

svm | double precision | | plain | |
svmConfidence | double precision | | plain | |
Indexes:

"DocumentOLD_pkey" PRIMARY KEY, btree (id)

"document_cardval_index" btree (cardval)

"document_heptermnorm_index" btree ("hepTermNormScore" DESC NULLS LAST)
"document_heptermvar_index" btree ("hepTermVarScore" DESC NULLS LAST)
"document_hepval_index" btree (hepval DESC NULLS LAST)
"document_kind_index" btree (kind)

"document_nephval_index" btree (nephval DESC NULLS LAST)
"document_patterncount_index" btree ("patternCount" DESC NULLS LAST)
"document_phosval_index" btree (phosval DESC NULLS LAST)
"document_rulescore_index" btree ("ruleScore" DESC NULLS LAST)
"document_sentenceid_index" btree ("sentenceld")

"document_svm_index" btree (svm)

"document_uid_index" btree (uid)
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