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Oner baptyHos::Teodor Sigaev

* Locale support

* Extendability (indexing)
* GiST, GIN, SP-GiST

* Extensions:
* intarray
* pg_trgm
* ltree
* hstore, hstore v2.0 - jsonb
* plantuner

e Full Text Search (FTS) https://www.facebook.com/oleg.bartunov

obartunov@gmail.com



https://www.facebook.com/oleg.bartunov

Alexander Korotkov

* Indexed regexp search

* GIN compression & fast scan
* Fast GiST build

* Range types indexing

* Split for GiST
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PostgreSQL

Caman npoaBuHYTaA U3 OTKPeITeX CYE[ B Mupe

PostgreS0L - 370 cBo0f00HD PACTIPOCTDEHAEMER DO BEK THO-DENAUMOHHAR CUCTEMA YNIDABNEHWA Da3AMM 0EHHbIX
{ORDEBMS), Hanbonee passvTan M3 OTKPLITeX CYEL B MMpe ¥ ABNANWAACA DEANEHON ANETEDHATHBOR KOMMEDYECKNM

Gasam faHHLIX.

BamHeHwwne ceoicTtea PostgreSQL

TexHnueckne getand PostgreSQL

HagemHocTb M YCTORYHMBOCTL PostgreSQL
HapgemxHocTe PostgreSOL RENASTCA M3EECTHBIM W
DoKA3aHHLIM (PEKTOM HE NDWMEPE MHOMAX NPOSKTOR, B
KoTopex FostgreSOL paboTtaet Ges eguioro chomA W npu

GoNbWMX 3Arpy3kax Ha NPOTAXEHWM HECKONbKMY NeT.

MpepocxogHan NogoepHKa

CoobwecTtao PostgreSQL npenocTaBNAET O4EHb
KBANWDUUMPOBAHHY W DBICTPYH NOMOWL. Takwe,
KOMMEPYECKWE KOMNAaHWK NPeNaraoT CBoK YCIYrW no

BCEMY MADY.

KoHukypeHTHan paboTa npH GoNbLLIGH HAarpy3xe
PostgreSGL wononbayeT MHOMOBEPCHOHHOCTE (MVCC)
onA obecnedeHwn HagexHoM W SeicTpoR paboTel B

KOHKYDEHTHBX YCNOBWAX Nog SONLWOA HArDY3IKo@.

KpoccnnatdgopMeHHOCTE
PostgreSCQL paboraet nog scemu auoamy Unik, Bnowan
Linux, FreeBSD, Solaris, HFUX, Mac OS X. a Tasowe nog,

MS Windows.

PaclWWpaemMocTs

PostgreSGL QoCTYNeH © MCXOOHBIMK KOOAMM, YTD
03HAYAET BO3MOXHOCTh QOCARNEHMA HOBOH
DYHKUMOHANEHOCTA ONA BaWwers NpoeKTa bes
DONCAHHTENEHBX Npofnem. BOraTohie BOIMOMHOCTH
pacwupreMocT PostgreSOL noseonAeT paspabaTwieaTe

HOEBEIE TUNGEI AdHHEBIX

AocTynHOCTE

PostgreSCQL pacnpocTpadreTcA nog nkuekaver BSD,
KOTODER HE HAKNAOLBAET HUKAKMX OrDaHN-EHWA Ha
KOMME[D4YECKOE MCNONE30BaHME ¥ He TpefyeT
NWLEHINOHHBE BbINNAT. Bl MOMETE OdME NponasaTs

PostgreSGL non ceoMM MMeHem |

Bricokwid ypOBEHE CcOOTBETCTEBMA ANSI SAL 92, ANSI
SOL 9% v AMNSI SQL 2003, 2011

WHTepdedce ana Tol, Perl, G, C++, PHF, ODBC, JDBC.
Embedded SAL in G, Python, Ruby. Java. ...

PasauTole aOMWHWCTPaTHMBHBIE YyTHNMTLI: PgAdmin,
phpPgAdmin, Navicat

View (materialized), sequences,inheritance.outer joins,
subselects, referential integrity, window functions, CTE

(WITH gueries)

® Rules, triggers

® User defined functions, stored procedures
® [pouenypHble Assikm: PIPgSAL, PiWPerl, PIPython, PLiTal

W Opyrve.

Pacwwpremuld Habop TUNOB DaHHBIX ¢ NOOOSPHKDA
wraekcos (GiST, GIN, SP-GIiST)

BoTpoennan nogagpwka cnabo-cTpYKTYPUPOBaHHBIX
OaHHbIX (xml, jsonjsonb) ¢ nooosp#KoR MHOSKCo8

MopAYeE pesepBnpPOBAHME M PENNWMKALMA (CHHXDOHHAR,
acuHxpoxnan), PITH

MonxaA nogaspsxka ACID, CEpUanMaduMA TRaH3aKLKWA
PYHKUMOHANEHBIE M YACTHYHBIE WHOSKCH
ViHTepHauWoHanuzaumMA, nogaepxka Unicode » locale
3arpy#asMele pacluMpesua, Hanpumep, FOSTGIS, hstore
Moponepsxka SSL v Kerberos ayTeHTndMKamn

YTUNWUTEI, oBneryarmwme Murpaumio ¢ apyrnx DBMS

Foreign Data Wrappers (writable), noooepska Boex
OCHOBHBIX 5283 QaHHBIX

Vimen Bonee yeM 20-NETHIOK NCTOPWID DA3BMTHA, OOHD M3 CAMLIX BONBLILWY M KEANMDWMUKWPOBAHHEIX COCBWECTE B MUPE, W
OTNHYHYIO PEMYTALMI0 HAOEMHOND W BEICOKOKSYECTEEHHOMT NpogykTa, PostgreSC0L NoMOMET BAM BEINONHWTE BAEL NDOEKT

He3 npobnem |




MHaeKec Kak «cepebpsaHaa nynay

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




MHAaeKec Kak «cepebpsaHaa nynay»

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

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

* MIHAeKcbl BaXXHbl ANA
* MoncKa - obbi4HOE ncnonb3sosaHue (KNN !)
* OrpaHun4yeHunt uenoctHoctun (exclusion contraint!)
* COpTUPOBKMN,rPYyNMUPOBKN, coeAMHeHnA Tabanu,

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



MHAaeKec Kak «cepebpsaHaa nynay»

* 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



MHaekKc 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)

* MHAEeKcbl MOTyT ObITb MHOTOKO/IOHYATble, NOPAAOK BarkeH ( He ans
GIN)

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

* MHAaeKcebl He coaeprKaT MHpopmaLumm 0 BUAUMOCTU

* ltoboe obHOBNEHME 3anncK B Tabanue npmMBoaAUT K NOABAEHUIO
HOBOW 3anuncK B UHAEKce, index bloat.



Mcnonb3oBaHMe MHAEKCA NpPpU NMNONCKeE

NHAEeKC MOXeT MCcnoanb30BaTbCca ANA:
* dunbTpaumm - WHERE expr opr value
* coptTnpoBKM - ORDER BY expr [ASC|DESC]
* knn - ORDER BY expr opr value [ASC]



YcnoBuAa A1A NCNonb30BaHUNA MHAEKCA

* 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



Bbibop HYXXHOMo MHAEKCA: MPUMEP

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=48.03..2805.08 rows=1000 width=28)
(actual time=0.123..0.226 rows=98 loops=1)

Recheck Cond: (p <@ '(0.51,0.51),(0.5,0.5)"::box)

Heap Blocks: exact=95

-> Bitmap Index Scan on test3 p idx (cost=0.00..47.78 rows=1000 width=0)

(actual time=0.102..0.102 rows=98 loops=1)
Index Cond: (p <@ '(0.51,0.51),(0.5,0.5)"'::box)

Planning time: 0.111 ms
Execution time: 0.532 ms
(7 rows)



Bbibop HYXXHOFo MHAEKCA: aNTOPUTM

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.



Bbibop HYXXHOro MHAEKCa: cxema

SELECT * FROM test3 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 —~— ) 701
512 | <@ 600 662 377315 3 +—— 600
756 <@ 600 604
pg_index
g amop pg_opclass indrelid indkey indclass
amopfamily|amopopr |amopstrate opcfamily| opcname oid
P d Pop P i 377315 1¢ 1978
1029 511 28 1970 | float8 ops| 3123 377315 | 3 - 10068
4015 511 \1976 int4_ops 1978 3773 /21/ 3123 1978
4016 511 8 1029 |point _ops |10068 <& ..




YTO BCe 3TN «CKAHbI» O3Ha4aloT ?

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)



Sequential Scan

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

A B C D E




Mpoctenwmnm ndgekc (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




Mpoctenwmnm nugekc (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




[TpocTenwnm nHaeKc++

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

C<10

C A B C D E

T




B-tree nHaeKc

* CTpOMM AepPeEBO — yMeHblaeM YHTeHNEe MHOEKCa MNMPU 6bICTpON\
MOUNCKe
C<10

C A B C D E

T




GIST,GIN,SP-GIST nHaekcol

* lepeBo — wabnoH c API, nogaepKKa npomn3BobHbIX TUNOB AaHHbIX

C<10

C A B C D E

T




Bitmap index scan

* Pe3ynbraT Index scan copTupyem, CTPOMM B NamMATU bitmap v yntaem
Tabanuy nocnepoBatenbHO. MOXHO KOMBUHMPOBATb MHAEKCHI.

C<10

C A B C D E

A
I




Bitmap index scan

* Pe3ynbraT Index scan copTupyem, CTPOMM B NamMATU bitmap v yntaem
Tabanuy nocnepoBatenbHO. MOXHO KOMBUHMPOBATb MHAEKCHI.

* bitmap ctpoutca B namatmn (work_mem) ucnonb3ya (#page,#offset)

* ecnm work_mem He XBaTaeT, TO UCNo/ib3yeTcsa NpocTo Hpage

* Tpebyetca RECHECK — npoBepKa Tyn/s10B Ha COOTBETCTBUE YC/IOBUIO,
4YTO NPUBOAUT K 3ameasieHunto !



lepaBneHme NCroJibsoBaHnNem NMHAEeKCOB

* Cost-based nnaHep 0bbIMHO YMHEE, HO:
* lHoraa oH owmnbaeTca u xoyetca pa3obpaTbCsa B NPUYMHAX

* XoyeTca «nowynaTb» pasHble NHAEKCb
* MHAEKCbl AO0NTO CTPOUTb
* MHAOEKCbl peasibHO NCNO/Nb3YHTCA

* IHCTpyMeHTapum
* EXPLAIN, explain.depesz.com

* feHepaTopbl AaHHbIX (generate_series())
* contrib/pgbench



lepaBneHme NCroJibsoBaHnNem NMHAEeKCOB

* NNepemeHHble nnaHepa (postgresql.conf, SET)
* enable_seqscan
* enable_indexscan
* enable_bitmapscan
* enable_indexonlyscan

* plantuner — cKpbiBaTb UHAEKCbI OT NJ1IaHEepa
* http://www.sigaev.ru/git/gitweb.cgi?p=plantuner.git;a=summary

* pg_hint_plan — XWMHTbl B KOMMEHTapPUAX
* http://en.sourceforge.jp/projects/pghintplan/
* http://habrahabr.ru/post/169751/


http://en.sourceforge.jp/projects/pghintplan/

lepaBneHme NCroJibsoBaHnNem NMHAEeKCOB

* NNepemeHHble nnaHepa (postgresql.conf, SET)

* effective_cache_size (1/2, % RAM) - planner nucnonb3yet ansa oueHK Kawa OC u
CYb/l

* random_page cost (4.0) — ctonmocTb B eANHULAX NOCNeA0BaTeNIbHOrO YTEHUA.

Yem meHble random_page cost, Tem 6bonblue npegnovyTeHue naaHep otaact
Ncnoab3oBaHMo nHaekcos. [na SSD moxkeT 6biTb 1.0.

* maintenance_work_mem — ncnonb3yetca ana CREATE INDEX

* work_mem — ucnonb3yetca ana BITMAP HEAP SCAN. Manbin pazmep npusoant
K RECHECK (cywecTBeHHOe 3ameaneHue).

* Hannume ctatnctnkun (analyze) sBanser Ha ncnonb3oBaHME NHOEKCOB.



EXPLAIN

* [loKka3aTb BbIOpaHbIM NAaH BbINOAHEHUA 3aNpPOCa

* ANALYZE - BbINnONHUTb 3aNpOC M MOKa3aTb Pe3y/bTUPYIOLLMIA NAaH

* COSTS ON|OFF, ctronmoctn onepaumm

* BUFFERS ON|OFF - npouyuTaHHble CTpaHULbI
* SHARED READ,HIT — ¢ aucKa, n3 pasgenaemomn namaTtu

* TIMING ON |OFF — BpemeHa BbINO/NHEHUA

Syntax:
EXPLAIN [ ( option [, ...] ) ] statement
EXPLAIN [ ANALYZE ] [ VERBOSE ] statement

where option can be one of:

ANALYZE [ boolean ]

VERBOSE [ boolean ]

COSTS [ boolean ]

BUFFERS [ boolean ]

TIMING [ boolean ]

FORMAT { TEXT | XML | JSON | YAML }



EXPLAIN

* YutaTtb CHU3Y BBEPX

* Hapo obpawaTb BHUMAHME Ha

* Rows estimated n actual rows — 6onbluoe HecooTBeTcTBME NA0XO (analyze
table, ALTER TABLE ... ALTER COLUMN ... SET STATISTICS ...)

* KO/IMYECTBO MPOYUTAHHbIX CTPAHUL, C ANCKA — naeanbHo TonbKo Shared hit
* Recheck — naeanbHo Heap Blocks: TonbKko exact, HeT lossy (work_mem)
* costs

* Planning time ponxHo 6bITb HEOGONBLINM, MHAYE, 3aAYMaTbCA HaA, prepared
statements



EXPLAIN

explain(analyze,buffers, costs on) SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
QUERY PLAN
Bitmap Heap Scan on testl (cost=2149.53..9073.25 rows=101181 width=12)
(actual time=12.384..51.759 rows=99831 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Heap Blocks: exact=5406
Buffers: shared hit=2155 read=3527/
-> Bitmap Index Scan on testl v idx (cost=0.00..2124.24 rows=101181 width=0)
(actual time=11.617..11.617 rows=99831 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared read=276
Planning time: 0.097 ms
Execution time: 57.792 ms
(9 rows)



EXPLAIN

explain(analyze,buffers, costs on) SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
QUERY PLAN
Bitmap Heap Scan on testl (cost=2149.53..9073.25 rows=101181 width=12) (actual time=10.89/
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Heap Blocks: exact=5406
Buffers: shared hit=5682 - 6winio Buffers: shared hit=2155 read=3527
-> Bitmap Index Scan on testl v _idx (cost=0.00..2124.24 rows=101181 width=0) (actual t1
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Buffers: shared hit=276
Planning time: 0.092 ms
Execution time: 38.000 ms
(9 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 ]

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 [, ... ] )

— ——

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



CREATE INDEX

CREATE [ UNIQUE 1 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?gg1e 'pg catalog.pg am" =# select amname from pg _am,;
— FTo= 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 ( )

amoptions | regproc | not null



CREATE INDEX

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY 1]

[ name ] ON table _name [ USING method ]
( { column_name | ( expression ) } [ COLLATE collation ]
[ NULLS { FIRST | LAST } 1]

[ opclass ] [ ASC | DESC ]
[, ...1)
[ WITH ( storage parameter = value [,

oo 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 6nokupyeTt Tabanuy Ha NU3MeHeHUs

postgres=# \d tt

Cnacaet B «H60€eBbIX» YC/I0BUAX Table "public.tt"
Column Modifiers

TpebyeT ABa NPOX0Aa N OKOHYaHUA BCEX . .
TEeKYLWMX TPaAH3aKLUMN 1- R

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




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»);



Bbibop cnocoba ckaHnpoBaHMA TabaunLbl
(HeT cTaTUCTUKM)

CREATE TABLE testl WITH (autovacuum_enabled = off) AS (SELECT id, random() v
FROM generate series(1,1000000) id);
CREATE INDEX testl v _idx ON testl (v);
Het ctatnctnku!
SELECT * FROM testl WHERE v BETWEEN 0.1 AND 0.9

Bitmap Heap Scan on testl (cost=107.67..5701.65 rows=5000 width=12)
(actual time=82.343..155.903 rows=/99793 loops=1)
Recheck Cond: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))
Heap Blocks: exact=5406
-> Bitmap Index Scan on testl v idx (cost=0.00..106.42 rows=5000 width=0)
(actual time=81.576..81.576 rows=799793 loops=1)
Index Cond: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))
Planning time: 0.069 ms
Execution time: 192.032 ms



Bbibop cnocoba ckaHMpoBaHUA Tabauubl
(HeT cTaTUCTUKM)

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.500001; HeT ctaTuctnku!
Bitmap Heap Scan on testl (cost=107.67..5701.65 rows=5000 width=12)
(actual time=0.022..0.022 rows=0 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Heap Blocks:
-> Bitmap Index Scan on testl v idx (cost=0.00..106.42 rows=5000 width=0)
(actual time=0.021..0.021 rows=0 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Planning time: 0.097 ms
Execution time: 0.037 ms

Het ctatuctnku!
SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (cost=107.67..5701.65 rows=5000 width=12)
(actual time=11.256..31.522 rows=99831 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Heap Blocks: exact=5406
-> Bitmap Index Scan on testl v _idx (cost=0.00..106.42 rows=5000 width=0) (actual time=10.55
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Planning time: 0.086 ms
Execution time: 36.370 ms



Bbibop cnocoba ckaHnpoBaHMA TabaunLbl
(ecTb cTaTUCTUKA)

VACUUM ANALYZE testl,;

SELECT * FROM testl WHERE v BETWEEN ©.1 AND 0.9;
Seq Scan on testl (cost=0.00..20406.00 rows=800835 width=12)
(actual time=0.008..144.527 rows=/99793 loops=1)
Filter: ((v >= 0.1::double precision) AND (v <= 0.9::double precision))
Rows Removed by Filter: 200207
Planning time: 0.095 ms
Execution time: 180.556 ms

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.500001;
Index Scan using testl v _idx on testl (cost=0.42..8.45 rows=1 width=12)
(actual time=0.011..0.011 rows=0 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.500001::double precision))
Planning time: 0.104 ms
Execution time: 0.025 ms



Bananue random page cost

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (cost=2149.53..907/3.25 rows=101181 width=12)
(actual time=10.302..30.350 rows=99831 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Heap Blocks: exact=5406
-> Bitmap Index Scan on testl v idx (cost=0.00..2124.24 rows=101181 width=0)
(actual time=9.556..9.556 rows=99831 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Planning time: 0.104 ms
Execution time: 35.187 ms

SET random_page cost = 1;

Index Scan using testl v _idx on testl (cost=0.42..7708.04 rows=101181 width=12)
(actual time=0.016..54.971 rows=99831 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))
Planning time: 0.096 ms
Execution time: 59.795 ms



Bananune work mem

show work mem;
work_mem

(1 row)
SET work _mem = "'"128 kB';

Bitmap Heap Scan on testl (cost=2149.53..9073.25 rows=101181 width=12)
(actual time=8.527..104.225 rows=99831 loops=1)

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

Rows Removed by Index Recheck: 687690

Heap Blocks: exact=1269 lossy=413/

-> Bitmap Index Scan on testl v _idx (cost=0.00..2124.24 rows=101181 width=0)

(actual time=8.386..8.386 rows=99831 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.6::double precision))

Planning time: 0.109 ms
Execution time: 108.821 ms



maintenance _work _mem

* Banaet Ha co3gaHune nHaekca (BULK INDEX CREATION)
Yem bonblie MNaMATU, TEM 6bICTpee CO344aCTCA MHAOEKC (ECJ’IM OHAd LI,EVICTBMTeIIbHO
ecTb)

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



CLUSTER

* dns3myecKan peopraHn3lauma sanmcein Tabamubl NO NHAEKCY

* 3HauunTe/NIbHOEe YCKOpEHUNE 3aNnpoCcoB Ha ANala30Hbl 3HAYEeHWUM 3a cYeT
YMeEHbLLUEHUNA KOoNn4ecTBa NPOYNTAHHDbIX 6noKkoB

* ACCESS EXCLUSIVE lock 6nokupyet uteHmne-3anmncb Tabnumupi :(
* TpebyeTca peknactepuHr nocne ob6HoBAEHUN TabanLbl
* FILLFACTOR < 100% nomoraeTt

CLUSTER [VERBOSE] table_name [ USING index_name ]
CLUSTER [VERBOSE]

ALTER TABLE ... CLUSTER ON index_name
SET WITHOUT CLUSTER



CLUSTER

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (actual time=20.269..51.084 rows=200321 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.7::double precision))
Heap Blocks: exact=5406
Buffers: shared hit=5956
-> Bitmap Index Scan on testl v idx (actual time=19.490..19.490 rows=200321 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.7::double precision))
Buffers: shared hit=550
Execution time: 62.382 ms

CLUSTER testl USING testl v idx;
=# \d testl
Table "public.testl"
Column | Type | Modifiers

id | integer |
Y | double precision |
Indexes:

"testl v _idx" btree (v) CLUSTER



CLUSTER

SELECT * FROM testl WHERE v BETWEEN 0.5 AND 0.6;
Bitmap Heap Scan on testl (actual time=15.824..34.043 rows=200321 loops=1)
Recheck Cond: ((v >= 0.5::double precision) AND (v <= 0.7::double precision))
Heap Blocks: exact=1084
Buffers: shared hit=1634
-> Bitmap Index Scan on testl v _idx (actual time=15.704..15.704 rows=200321 loops=1)
Index Cond: ((v >= 0.5::double precision) AND (v <= 0.7::double precision))
Buffers: shared hit=550
Execution time: 44.517 ms

* KonnyectBo NpoyYnTaHHbIX 6/10KOB yMeHbLLUMAOCL ~ B 5 pas,
5046 vs 1084 |



Tablespace

* PasamelueHmne nHaeKcoB Ha oTaenbHoOM tablespace ( wnuHaene)
no3soaAaeT ymeHbwnTb 10

3a4aTb tablespace npu co3daHun:
CREATE INDEX testl vl idx ON testl(vl) TABLESPACE 1idx tablespace;

N3meHnTb tablespace:
ALTER INDEX testl vl idx SET TABLESPACE 1idx_tablespace; - ponrasa 3KcCKNio3uBHasa O6nokupoeka!



Unlogged tables

* HeT oBepxena reHepaunn mn 3anncu WAL
* He penanumnpytotca
* He BbIXKMBAIOT NPU Kpalle Knacrtepa

* Ucnonb3ytoTca ANA XpaHeHUs NoAb30BaTEe/IbCKUX CECCUM, 10TOB

* MHaeKceobl ToxXe UNLOGGED

CREATE TABLE test (id integer, r float);

INSERT INTO test SELECT id, random() FROM generate series(1,1000000) id;
INSERT 0 10600000

Time: 3055.022 ms

CREATE UNLOGGED TABLE testU (id integer, r float);

INSERT INTO testU SELECT id, random() FROM generate series(1,1000000) id;
INSERT 0 1000000
Time: 572.509 ms



MHpaeKebl u 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)



MHoekc 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 time=0.018..145.569 rows=1000000 loops=1)
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=1000000 loops=1)
Sort Key: v
Sort Method: external sort Disk: 25424kB
Buffers: shared hit=5406, temp read=3178 written=317/8
-> Seq Scan on testl (cost=0.00..15406.00 rows=1000000 width=12)
(actual time=0.010..86.157 rows=1000000 loops=1)
Buffers: shared hit=5406
Total runtime: 819.682 ms



- MHpekc, ORDER BY u LIMIT

SE * 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

Jlydwe noctapaTtbca 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



CoctasHou uHaekc, ORDER BY un LIMIT

CREATE TABLE test4 AS (SELECT 1id, (random()*20::int) AS v1l, random() AS v2
FROM generate series(1,1000000) id);

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 idx on test4 (cost=0.00..55892.40 rows=1000000 width=20) (ac
Total runtime: 0.110 ms

SELECT * FROM test4 WHERE (v1l, v2) > (9,0.5) ORDER BY v1, 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 idx on test4 (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



CoctasHou uHaekc, ORDER BY un LIMIT

* [opAaaoK BaxeH |

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 test4 (cost=0.00..55889.49 rows=1000000 width=20)
(actual time=0.016..0.042 rows=20 loops=1)

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=20 loops=1)
Sort Key: v2
Sort Method: top-N heapsort Memory: 26kB
-> Seq Scan on testd4 (cost=0.00..16370.00 rows=1000000 width=20)
(actual time=0.036..83.817 rows=1000000 loops=1)
Total runtime: 161.645 ms



Index-only scan (9.2+)

* Index Scan Bo3BpallaeT ykasaTe/in Ha 3aNnUCU-KaHaAMAaTbl, KOTOpblEe
HaZl0 NPOBEPSTb BUAMMOCTb TEeKYLLEN TPaH3aKLUMUMN.

* HaZo NPOYUTATb CTPaAHMULbI TabnLbl M NPoBepPUTb Tpebyembie 3anncK Ha
BUAMMOCTb (Xmin, xmax). MeaneHHo.

* Crash-safe Visibility Map (co3paetca npu Bakyyme) coaep»KUT CNUCOK
CTPaHUL,, BCE 3aMUCU KOTOPbIX «BUAMMbI» BCEM TPAH3aKLUAM.

* Index-Only Scan He yuTaeT cTpaHmubl Tabaunubl n3 atoun Visibility Map n
BO3BpallaeT AaHHble N3 NHAEKCA

* laHHble JO/IKHbI ObITb PEKOHCTPYUPOBAHbI U3 UHAEKCA



Index-only scan

\d test4
Table "public.test4"

Column | Type | Modifiers
________ e
id | integer |

vl | double precision |

V2 | double precision |

Indexes:

"testd vl v2 idx" btree (v1)

ANALYZE test4;
SELECT v1, v2 FROM test4 WHERE vl < 0.5;
Bitmap Heap Scan on test4 (actual time=5.618..16.428 rows=24617 loops=1)
Recheck Cond: (vl < 0.5::double precision)
Heap Blocks: exact=6238
-> Bitmap Index Scan on test4 vl v2 idx (actual time=4.030..4.030 rows=24617 loops=1)
Index Cond: (vl < 0.5::double precision)
Execution time: 17.835 ms



Index-only scan

* Index-only Scan BO3MOeH, TO/IbKO eCcnn BCe AaHHble MOTYT ObITb
BOCCTAHOBNEHbI U3 NHAEKCA |

SET enable _bitmapscan = OFF;
SET enable seqgscan = OFF;
vl,v2 He MOryT OblTb BOCCTAHOBMeHbl M3 unHaekca (vl)
SELECT v1,v2 FROM test4 WHERE vl < 0.5;
Index Scan using test4 vl v2 idx on testd4 (actual time=0.028..16.846 rows=24617 loops=1)
Index Cond: (vl < 0.5::double precision)
Execution time: 18.381 ms

* vl moXeT bbITb BOCCTAHOBNEH U3 UHAEKCa, HO noYyemy Heap Fetches ?

SELECT vl FROM test4 WHERE vl < 0.5;
Index Only Scan using test4 vl v2 idx on test4 (actual time=0.038..13.890 rows=24617 loops=1)
Index Cond: (vl < 0.5::double precision)
Heap Fetches: 24617
Execution time: 15.172 ms



Index-only scan

* vl moxeT bbITb BOCCTAHOBNEH U3 UHAEKCA, HO noYyemy Heap Fetches ?
* Visibility Map co3paetca npu Bakyyme |

select relname,100*relallvisible/(relpages+1l) as allvisible from pg class where relname='test4";
relname | allvisible
_________ oo e e e e - - o
testd | 0

vacuum test4;

select relname,100*relallvisible/(relpages+1) as allvisible from pg class where relname='test4"';

relname | allvisible
_________ oo e e e e o

test4 | 99

Index Only Scan using test4 vl v2 idx on testd4 (actual time=0.021..2.762 rows=24617 loops=1)
Index Cond: (vl < 0.5::double precision)
Heap Fetches: ©

Execution time: 3.878 ms

* Index-only scan gan cywecTtBeHHbIN BbiUrpblww: 3.9 ms vs 18 ms



Loose Indexscan — ucnonb3yem CTE

* MySQL — adpPpekTnBHbIM Nnounck distinct values. Loose indexscan ckauer
no distinct values.

\d tt =# with recursive t as
Table "public.tt" (select min(id) as id from tt

Column | Type | Modifiers union all
________ PR select (select min(id) from tt where id > t.id) from t where t.id is not null
id | integer | )
Indexes: select id from t where id is not null

"tt_idx" btree (id) union all

select distinct(id) from tt; select null where exists (select * from tt where id is null);
id id

0 0

1 1
(2 rows) (2 rows)

Time: 279.461 ms Time: 0.895 ms



Korga nHOeKc Ucnonb3yeTca HenpaBuU/IbHO

CREATE TABLE test2 AS (SELECT 1id, polygon(20,circle(point(random(), random()),0.01)) AS p
FROM generate series(1,50000) id);
ALTER TABLE test2 ADD PRIMARY KEY (id);
CREATE INDEX test2 box idx ON test2 USING gist (p);
SELECT * FROM test2 tl 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=15742 1loops=1)
-> Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36)
(actual time=0.027..54.015 rows=50000 loops=1)
-> Bitmap Heap Scan on test2 t2 (cost=196.89..313.72 rows=83 width=36)
(actual time=1.845..1.866 rows=0 1oops=50000)
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 1o
-> 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)
Total runtime: 93465.872 ms



Korga nHOeKc Ucnonb3yeTca HenpaBuU/IbHO

Nested Loop (cost=0.28..320195.00 rows=4166667 width=72)
(actual time=0.117..50501.640 rows=1523159 loops=1)
-> Seq Scan on test2 tl (cost=0.00..3000.00 rows=50000 width=36)
(actual time=0.005..8.904 rows=50000 loops=1)
-> Index Scan using test2 box idx on test2 t2 (cost=0.28..5.51 rows=83 width=36)
(actual time=0.272..1.005 rows=30 loops=50000)
Index Cond: (tl.p && p)
Rows Removed by Index Recheck: 18
Filter: (id > tl.1d)
Rows Removed by Filter: 31
Planning time: 0.530 ms
Execution time: 50574.670 ms
(9 rows)



[loyemy TaK?

pg _operator
oprjoin

oprname

oprrest oprleft oprright

&& areasel areajoinsel 604 604 (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 N1aHNUPOBLLUKA

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=15742 loops=1)
-> Seq Scan on test2 tl (cost=0.00..13000.00 rows=50000 width=36)
(actual time=0.005..20.801 rows=50000 loops=1)
-> Index Scan using test2 box idx on test2 t2 (cost=0.00..366.08 rows=83 width=36)
(actual time=0.215..0.236 rows=0 1oops=50000)
Index Cond: (tl.p && p)
Rows Removed by Index Recheck: 0
Filter: (id > tl1.id)
Rows Removed by Filter: 1
Total runtime: 11826.029 ms



Mcnonb3oBaHue 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

Mcnonb3oBaHue 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 > tl1.id)
Rows Removed by Filter: 1
Total runtime: 11913.821 ms

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


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

He BCEé nn paBHO Koraa caenaTtb MHAEKC?

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 MHAOEKC

CREATE TABLE test6 AS (
SELECT 1id, (random()*20::int) AS vl1, random() AS v2 FROM generate series(1,1000000) id);
CREATE INDEX test6 vl 0 v2 idx ON test6 (v2) WHERE vl = 0; - index size 8Kb vs 21 Mb (full)

SELECT * FROM test6 WHERE vl = O AND v2 BETWEEN 0.1 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 idx 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



OYHKLUMOHA/IbHbIN MHAOEKC

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 (actual time=1.229..4.534 rows=4897 loops=1)
Recheck Cond: ((vl + v2) > 1.9::double precision)

Heap Blocks: exact=3439

Buffers: shared hit=3456

-> Bitmap Index Scan on test7 vl plus v2 idx (actual time=0.656..0.656 rows=4897 loops=1)
Index Cond: ((vl + v2) > 1.9::double precision)
Buffers: shared hit=17
Execution time: 4.921 ms



OYHKLUMOHA/IbHbIN MHAOEKC

* BbiparkeHune B 3anpoce A0/1KHO TOYHO MAaTUYUTb BblparKeHne B
CREATE INDEX'!

SELECT * FROM test7 WHERE v2 + v1 > 1.9;
QUERY PLAN

Seq Scan on test/ (actual time=0.020..118.885 rows=4897 loops=1)
Filter: ((v2 + vl) > 1.9::double precision)
Rows Removed by Filter: 995103
Buffers: shared hit=4388 read=1982

Execution time: 119.202 ms

(5 rows)



Heap-Only Tuples (HOT)

* BctaBKa B MHAeKCc — 3710 delete, insert (MVCC)
* 8.2: ObHOBNEHME TabAnLbl NPMBOAUT K OOHOBNEHUIO BCEX MHAEKCOB

* 8.3+: OBHOBAAIOTCA TO/ILKO T€ UHAEKCbI, KOTOPbIE NOCTPOEHbI NO
nameHmsLmnca nonam (Heap-Only Tuples, HOT)

* [lpumep:

CREATE TABLE test8 AS (SELECT 1id, random() AS vl1l, random() AS v2, random() AS v3
FROM generate series(1,1000000) id);

CREATE INDEX test8 v1 idx ON test8(vl);

CREATE INDEX test8 v2 idx ON test8(v2);

CREATE INDEX test8 v3 idx ON test8(v3);



Head Only Tuples (HOT)

test8 vl idx - 21 MB
test8 v2 idx - 21 MB
test8 v3 idx - 21 MB

UPDATE test8 SET vl = vl + 1 WHERE id % 20 = 0;
=# select n_tup_upd, n_tup_hot upd from pg stat user_tables;
n_tup_upd | n_tup_hot_upd

test8 v1 jdx - 23 m8  _T_TT___. bl T
test8 v2 idx - 21 MB 0 | 0
test8 v3 idx - 21 MB 8 : 8

50000 | 0

VACUUM test8;
UPDATE test8 SET v2 = v2 + 1 WHERE id % 20 = 0;

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

test8 vl idx - 23 MB h_tup_upd | n_tup_hot_upd
test8 v2 jdx - 23 M8 7T (j)'T “““““““ .
test8 v3 idx - 21 MB 0 | 0
0 | 0

100000 | 0



KNN-GIST

* KNN — Hantu K 6amKanwmnx cocenen (K- nearest neighbourhood)

* O4yeHb TPyAHAA ANA TPAANLMOHHBLIX aNTOPUTMOB NOUCKA
* IHAEeKC He NoMoraeT, TaK KaK HeT npeauKaTa
* Tpebyetca full table scan, copTnposka
* Micnonb3yloTcA pa3Hble «KOCTbINM» - range search, KaK 3a4aTb HYXHbIX paanyc ?

* Unea KNN-GIST
* icnonb30BaTb HOBYIO CTpaTermto ob6xona nonckosoro aepesa (GiST) -
Priority Queue Bmecto DFS (BFS)
* Cpa3y nonyyaem Heobxoammblie K-3anmcen B HYXKHOM nopaaKe
* Yem bonble tabnnua, Tem 6onblue sbinrpoil KNN-GIiST
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KNN-search: Examples
* Synthetic data — 1,000,000 randomly distributed points

* Query - find k-closest points to (0,0)

SELECT * FROM qg ORDER BY (p <-> '(0,0)') ASC LIMIT 10;
<-> - distance operator, provided by data type



KNN-search: Examples

* Boinrpoiw 1700 pa3 ana K=10 !

Limit (actual time=327.674..327.675 rows=10 loops=1)
Buffers: shared hit=7353
-> Sort (actual time=327.673..327.674 rows=10 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 25kB
Buffers: shared hit=7353
-> Seq Scan on qq (actual time=0.009..180.513 rows=1000000 loops=1)
Buffers: shared hit=7353
Execution time: 327.698 ms
Limit (actual time=0.116..0.160 rows=10 loops=1)
Buffers: shared hit=14
-> Index Scan using gqq_p_s_idx on qq (actual time=0.116..0.156 rows=10 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared hit=14
Execution time: 0.183 ms



KNN-search: Examples

* Boinrpoiw 220 pa3 ana K=1000 |

Limit (actual time=314.262..314.471 rows=1000 loops=1)
Buffers: shared hit=7353
-> Sort (actual time=314.261..314.365 rows=1000 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 127kB
Buffers: shared hit=7353
-> Seq Scan on qq (actual time=0.008..172.222 rows=1000000 loops=1)
Buffers: shared hit=7353
Execution time: 314.599 ms
Limit (actual time=0.073..1.334 rows=1000 loops=1)
Buffers: shared hit=1016
-> Index Scan using gqq_p_s_idx on qq (actual time=0.072..1.225 rows=1000 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared hit=1016
Execution time: 1.429 msl



KNN-search: Examples

* Boinrpbiw 15600 pa3 ana K=10 u N=10,000,000 !

Limit (actual time=3212.470..3212.473 rows=10 loops=1)
Buffers: shared hit=96 read=73434
-> Sort (actual time=3212.469..3212.470 rows=10 loops=1)
Sort Key: ((p <-> '(0,0)"'::point))
Sort Method: top-N heapsort Memory: 25kB
Buffers: shared hit=96 read=73434
-> Seq Scan on gqq (actual time=0.009..1827.449 rows=10000000 loops=1)
Buffers: shared hit=96 read=73434
Execution time: 3212.492 ms
Limit (actual time=0.143..0.184 rows=10 loops=1)
Buffers: shared read=14
-> Index Scan using gqq_p_s_idx on qq (actual time=0.143..0.182 rows=10 loops=1)
Order By: (p <-> '(0,0)'::point)
Buffers: shared read=14
Execution time: 0.205 ms



KNN-search: OuenaTku

* Tourpammol ( nonarta: ' n',' no', 'non’, 'ona’, 'nat’, 'ata’)
* MeTpuka (noxoxectb) S (W1, W2)

’ unlon/maX(N N )
e 2% Numon/(N +N) CREATE EXTENSION pg trgm;
* unlon/(N +N ) Numon) :# \d Words
Table "public.words”
* PacctoaHune D (W1,W2): Column | Type | Modifiers
________ e
*1-S
W | text |
*1/S Indexes:

"words w_idx" gist (w gist _trgm ops)



KNN-search: OuenaTku

select w from words order by w <-> 'risource' 1limit 5;

resource
rice

rivets

ridden

rivalled

(5 rows)
Limit (actual time=0.333..0.345 rows=5 loops=1)

-> Index Scan using words w_idx on words (actual time=0.333..0.344 rows=5 loops=1)
Order By: (w <-> 'risource'::text)
Execution time: 0.366 ms



KNN-search: Oyenatku (Lateral Query)

SELECT w.w, s.w as similar FROM words w CROSS JOIN LATERAL (SELECT w FROM words
ORDER BY w.w <-> w 1imit 2) s WHERE w.w LIKE 'ar%' AND w.w <> s.w;

W | similar
______________ F oo e e e e e e e e e e = -
archiver | anniversary
armadillos | armchairs
artillery | distillery
arithmetized | authorized
armchairs | airspeed

(5 rows)

Nested Loop (actual time=0.727..2.592 rows=5 loops=1)
-> Index Scan using words w_idx on words w (actual time=0.127..0.165 rows=5 loops=1)
Index Cond: (W ~~ 'ar%'::text)
-> Subquery Scan on s (actual time=0.483..0.483 rows=1 loops=5)
Filter: (W.w <> S.W)
Rows Removed by Filter: 1
-> Limit (actual time=0.321..0.481 rows=2 loops=5)
-> Index Scan using words w_idx on words (actual time=0.318..0.477 rows=2 loops=5)
Order By: (W <-> W.W)
Execution time: 2.633 ms



KNN-search: OuenaTku

=# select w from words order by w <-> '%isourc%' limit 5;

resource
iron
into
idles
injure
(5 rows)
Limit (actual time=0.251..0.261 rows=5 loops=1)
-> Index Scan using words w_idx on words (actual time=0.251..0.260 rows=5 loops=1)
Order By: (w <-> '"%isourck%'::text)
Execution time: 0.282 ms



Indexing regular expressions (9.3+)

* contrib/pg_trgm supports indexing of regular-expression searches

select w from words where w ~ '.*sourc.*';
Index Scan using words w_idx on words (cost=0.14..8.16 rows=1 width=9)
(actual time=0.165..0.263 rows=1 loops=1)
Index Cond: (w ~ '.*sourc.*'::text)
Planning time: 0.150 ms
Execution time: 0.279 ms
(4 rows)

explain analyze select w from words where w ~ '"r.*sour.*e$';
Index Scan using words w_idx on words (cost=0.14..8.16 rows=1 width=9)
(actual time=0.209..0.375 rows=1 loops=1)
Index Cond: (W ~ '"“r.*sour.*e$'::text)
Planning time: 0.168 ms
Execution time: 0.399 ms
(4 rows)



Indexing regular expressions (9.3+)

* contrib/pg_trgm supports indexing of regular-expression searches

select * from man_lines where man_line ~*
"(?7:(?2:p(?2:0stgres(?:ql)?|g?sql)|sql)) (?2:(?:(?:mak|us)e|do]|is))';

Bitmap Heap Scan on man_lines (cost=285.32..930.42 rows=170 width=79)
(actual time=579.765..592.435 rows=123 loops=1)
Recheck Cond: (man_line ~* '(?:(?:p(?:0ostgres(?:ql)?|g?sql)|sql)) (?:(?:(?:mak]us
Rows Removed by Index Recheck: 1909
-> Bitmap Index Scan on trgm_idx (cost=0.00..285.28 rows=170 width=0)
(actual time=578.780..578.780 rows=2032 loops=1)
Index Cond: (man_line ~* '"(?:(?:p(?:0stgres(?:ql)?|g?sql)|sql)) (?:(?:(?:mal
Total runtime: 592.474 ms
(6 rows)



LlenoCcTHOCTb AaHHbIX

* MnpeKkebl obecneymsatoT CONSTRAINTS: PRIMARY KEY, UNIQUE
(DEFERRABLE)

* EXCLUSION CONSTRAINTS (9.0, Jeff Davis)

* UNIQUE ucnonb3yet onepatop '=' BTREE

* Kak peann3oBaTb YHUKA/IbHOCTb 601€€e CNOMKHbIX TUMOB, HAaNPUMep,
MHOTOYrosibHUKoB ? Tpurrepbl — 6€3yMHO MeaNeHHO.

* EXCLUSION CONSTRAINTS no3sonatoT Mcnosib30BaTb MPOU3BOJIbHbIE
KOMMYTaTUBHbIE onepaTopbl (X*y=y*x) c nHaeKkcHoM noaaep*KKomn

«Add exclusion constraints, which generalize the concept of unigueness to support any
indexable commutative operator, not just equality. Two rows violate the exclusion constraint

if "rowl.col OP row2.col" is TRUE for each of the columns in the constraint. »



EXCLUSION CONSTRAINTS: Example

° CeNWIHapr He OO0J/1XKHbl NepeceKkaTbCA

CREATE EXTENSION btree gist;
CREATE TABLE reservation (
room TEXT,
professor TEXT,
during tstzrange,
EXCLUDE USING gist (room WITH =,
during WITH &&)



EXCLUSION CONSTRAINTS: Example

* O6blyHbIM UNIQUE — onepatop BTREE '='

=# CREATE TABLE test (1 INT4, EXCLUDE (1 WITH =));
CREATE TABLE

=# \d test
Table "public.test"
Column Type Modifiers
________ e
1 integer
Indexes:

"test 1 excl" EXCLUDE USING btree (i WITH =)



EXCLUSION CONSTRAINTS: Example

* Bce KOMHaTbl 4oNKHbI ObITb 0gMHAKoBbIe (unUnique)

CREATE TABLE reservation (
room TEXT,
professor TEXT,
during tstzrange,
EXCLUDE USING gist (room  WITH <>

);



EXCLUSION CONSTRAINTS: Example

* MOXHO MCNOb30BaTb Pa3Hble TUNbl MHAEKCOB

CREATE TABLE boxes unique (
id integer,
box box,
EXCLUDE USING btree (id WITH = ),
EXCLUDE USING gist (box WITH &&)
) ;

=# \d boxes unique
Table "public.boxes unique”

Column | Type | Modifiers
________ g
id | integer |

box | box |

Indexes:

"boxes unique box excl" EXCLUDE USING gist (box WITH &&)
"boxes unique id excl" EXCLUDE USING btree (id WITH =)



EXCLUSION CONSTRAINTS: Example

* MOMHO MCNO/Ib30BaTb Pa3Hble TUMbl MHOEKCOB. BcTaBnseM BNOXEHHbIN
KBagpaT

insert into boxes unique values(1l, '((0,0),(2,2))"');

INSERT 0 1

insert into boxes unique values(1l, '((0,0),(1,1))"');

ERROR: conflicting key value violates exclusion constraint
"boxes unique id excl"

DETAIL: Key (id)=(1) conflicts with existing key (id)=(1).

insert into boxes unique values(2, '((0,0),(1,1))"');

ERROR: conflicting key value violates exclusion constraint
"boxes unique box excl"”

DETAIL: Key (box)=((1,1),(0,0)) conflicts with existing
key (box)=((2,2),(0,0)).



EXCLUSION CONSTRAINTS: Example

* Mo»KHO ncnonb3oBaTb YacTU4YHbIN (partial) HaeKc.

* Henb3Aa BCTaBUTb OANHAKOBbIE KBaApPaTUKK B N3B6paHHY0 061acTb.

create table boxes unique (
id integer,
box box,
exclude using btree (id with =),
exclude using gist (box with &&)

WHERE (box <@ '((0,0),(5,5))")
) ;
insert into boxes unique values(1l, '((0,0),(1,1))");
INSERT 0 1
insert into boxes unique values(2, '((0,0),(10,10))");
INSERT 0 1

insert into boxes unique values(3, '((0,0),(4,4))");
ERROR: conflicting key value violates exclusion constraint "boxes unique box excl"
DETAIL: Key (box)=((4,4),(0,0)) conflicts with existing key (box)=((1,1),(0,0)).



MOHUTOPUHTI MHAOEKCOB

* HEVICI'IO!'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::Hencnonbsyemble MHAEKCHI

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
MOHUTOPUHT MHAEKCOoB - b
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



MOHUTOPUHT MHAEKCOB::AyO6AnKaTbl V2

SELECT idstat.relname AS tname,indexrelname AS iname, idstat.idx _scan AS used,
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, indexdef AS create
FROM pg stat user_ indexes AS idstat
JOIN pg _indexes ON (indexrelname = indexname AND idstat.schemaname = pg indexes.schemaname)
JOIN pg _stat user_tables AS tabstat ON idstat.relid = tabstat.relid
WHERE idstat.idx _scan < 200 AND indexdef !~* 'unique'
ORDER BY idstat.relname, indexrelname;

tname | iname | used | tsize | isize | writes | crea
--------- e e
apod | gin_apod fts idx | © | 2712 kB | 1616 kB | 1754 | CREATE INDEX gin_apod fts_ idx
events | e_date_ id | 4 | 14 MB | 3352 kB | 151643 | CREATE INDEX e _date_id ON even
reviews | reviews gin_idx | 9 | 270 MB | 160 MB | 589859 | CREATE INDEX reviews gin_idx Ol
tbl | a_idx | © | 72 kB | 40 kB | 2000 | CREATE INDEX a idx ON tbl USIN
tbl | abl idx | © | 72 kB | 40 kB | 2000 | CREATE INDEX abl idx ON tbl US
tbl | ab_idx | 28 | 72 kB | 88 kB | 2000 | CREATE INDEX ab_idx ON tbl USII
tbl | ba_idx | © | 72 kB | 40 kB | 2000 | CREATE INDEX ba_idx ON tbl USII

(7 rows)



MHOro nHaeKcoB - meas1ieHHAaA BCTAaBKa

\d+ document;
Table "public.document"

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

------------------ T Ny iy
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 ("sentenceId")

"document_svm_index" btree (svm)

"document_uid_index" btree (uid)



CNACUBO 3A BHUMAHMUE !
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