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Y10 Takoe PostgreSQL ?

PostgreSQL - 510 cro6oaHo-

pacnpocTpaHsaemasas 0ObeKTHO-penaunmoHHas
cuctema ynpasneHna 6a3amMu AaHHbIX
(ORDBMS), Hanbonee pa3BuTas U3 OTKPbITbIX
CYBA B mMupe n asnswowascsa pearbHOW
aNnbTEePHATUBON KOMMepueCKUM 6a3am AaHHbIX

[Ipon3HoweHue: post-gress-Q-L, post-gres,
NOCT-Irpecc, MN3-)X3-3C-Ky-3J1b

Web: http://www.postgresql.org
JinueH3unsa: BSD


http://www.postgresql.org/
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Y10 Takoe PostgreSQL: Architecture
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Y10 Takoe PostgreSQL: OcobeHHOCTH

= Bbicokas cteneHb napannenusama - MVCC

= PaclumpsieMocTb Ha xoay (6e3 moa. aapa) |
" Tunbl A@HHbIX, PYHKLUWK, arperaTbl, ornepaTopbl
= A3bikn (sql,pl/pgsql,pl/perl,pl/tcl, pl/R, pl/java,

pl/python, pl/v8, ...)

* NHpekcol ( Btree, GiST, GIN, SP-GiST)

= Cost-based ontmuzaTop

= Xopoulee cootBeTcTBMe ISO/ANSI SQL 92,99,2003

= OTKpbITbIN KOA (BSD), OTKpbITas Moaenb pa3BUTUS —
HeT Bnagensua !



HassaHWe ASE|DB2 |FireBird|InterBase MS SQL| MyS(QL |Oracle PostgreSQL
MU eH3neg $3% | $3% | 1pLe $5% $$F | GPL/$%S | $4% BSD
ACID es | Yes Tes Ees fes Dependsl s es
Referential integrity | Yes | Yes Yes Yes Yes Dependsl Yes Yes
Transaction Yes | Yes Yes Yes es Dependgl es Yes
Unicode Yes | Yes Yes Yes Yes Yes Yes Yes
Schema Yes | Yes Yes Yes No® Na es Yes
Tempaorary table Mo | Yes MNa Yes Yes Yes Yes Yes
View Yes | Yes Tes Tes Tes Mo Tes Yes
Materialized view Mo | Yes Mo Mo Mo Mo Yes No=
Expression index Mo | Mo Mo Mo Mo Mo Tes Yes
Partial index Mo | No Mo Mo Mo No Yes Yes
Inverted index Mo | No Mo Mo Mo fes fes vagh
Bitmap index Mo | Yes Mo Mo Mo Mo Yes Mo
Domain Ma | Mo Yes es Mo Ma es Yes
Cursar Fes | Yes fes fes fes Mo fes es
User Defined Functions| Yes | Yes Yes Yes Yes Mot Yes Yes
Trigger es | Yes Tes es fes Mot fes es
Stored procedure es | Yes fes es fes Mot fes es
Tablespace Yes | Yes Mo ? No® Nol Yes CE

HazBaHwe ASE|DB2 |FireBird|InterBase MS SQL| MySQL |Oracle PostgreSQL

4dHKA.

# 1 - 40nAa nogoepxKl TPAH3IAKUMA M CCBINOYHORA uenocTHooTk TpebyeTtca InnoDB (He ABNAETCA THNOM
TaAnMuel No yMan4adwm)

# 2 - Interbase Public License

+ 3 - Materialized view (oBHoBnAemMele NpeAcTaBneHna) moryT BeITe 3MynMpoBaHel Ha PL/pgSQL
# 4 - Toneko B MySQL 5.0, koTopaA ABMNAETCA 3KCNEPUMMEHTANBHON BEpCHeid

# 5 - Toneko B MS SQL Server 2005 (Yulon)

* 6 - GIN (Generalized Inverted Index) c sepcun 8.2




Y10 Takoe PostgreSQL: Limitations

MakcuManbHbiv pa3mep b/l — unlimited
MakcmManbHbI pa3mep Tabnuubl — 32T6
MakcumanbHas anvHa 3anmen — 1.6 Tb
MakcmManbHas aanHa atpmbyta — 1 Gb
MakcuManbHOEe Kon-Bo 3anucen — unlimited
MakcuManbHoe Kon-Bo atpubytos — 250-1600
MakcmmarnbHoe KoJ1-BO MHAEKCOoB - unlimited



Y10 Takoe PostgreSQL

%

" [Topaepxxka:
* CoobLecTBO — M3UAUHE NCT
= EnterpriseDB
= 2ndQuadrant
= MHOro MefiKnx KoMnaHum

= bonee noapobHo o0 PostgreSQL MOXHO
NpoYnTaTh B

http://www.sai.msu.su/~megera/postgres/talks/what_is_postgresql.html




Y10 Takoe PostgreSQL: Monb3oBaTenu

= Skype - LWiKanupyeTtcs A0 Muninuapaa nosb3.

= Hi5.com — 60 MnH. nonb3oBaTenen, #8
Alexa traffic rank

= NyYearBook.com — 18,000 reqg/sec, 300 Gb
database

= NASA — 06paboTka CNyTHMKOBbIX AAHHbIX
(MODIS)

= Tnstagram — x100 MNH KapTUHOK
= Sony (Free Realms) — 10 mMfiH Urpokos



Y10 Takoe PostgreSQL: Monb3oBaTenu

W

= Pambnep

= 1C:1peanpugarume

= MirTesen, MoiKrug.ru (Yandex)

= Avito.ru — 2000 reqg/sec

= JRR.ru ( «M3 pyK B pyku»)

= rabota.ru, price.ru, PBK, MactepXocT

= BoeHHble — Bepcua /.X Bxoant B MCBC
= HaunoHanbHaa CYb/[ B coctase HII 17?
= ACTPOHOMbI — MHOro-TepabaunT



PaclunpsaemocTtb PostgreSQL: GIST

W

= Generalized Search Tree ( GiST)

= AM paccMaTpuBaeTcsa Kak nepapxus npeamkaTtos,
B KOTOPOW KaXKabi MpeanKaT BbINOSHAETCS AN
BCEX NOAY3/10B 3TON Mepapxuu

= [lIabnoH (template) ana peann3auumn HOBbIX AM

= GIST npepocraBnseT MeToab!
" HaBuraumm no aepesy, 3ddekTnUBHbIKM knn
= O6bHOBNEHUS AepeBa




PaclunpsaemocTtb PostgreSQL: GIST

W

= Generalized Search Tree ( GiST)

= AM paccMaTpuBaeTcsa Kak nepapxus npeamkaTtos,
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PaclunpsaemocTtb PostgreSQL: GIST

KOHKYPEHTHOCTb U BOCCTAHOBJIEHWE rocne cboeB

[opaepxuBaeT paclumpsieMbit Habop 3anpocos ( B
OT/IM4ne oT PUKCUPOBAHHBIX Onepauumn CpaBHEHUS
B-tree)

GiST no3BonsieT peanm3oBaTb HOBbIM AM 3aKkcnepTy
B 06/1aCTN AaHHbIX

HoBble Tunbl AaHHbLIX 061aaatoT
NPOU3BOANTENBHOCTbIO (MHAEKCHbIM AOCTYN,
KOHKYPEHTHOCTb) U HaAeXXHOCTbIO (MNPOTOKO/
JTIOrMpPOBaHUSA), KaK N BCTPOEHHbIE TUMbI



PaclunpsaemocTtb PostgreSQL: GIST

%

= [MporpaMMHbIN nHTEpdenc GIiST (7 dyHkumi):

GISTENTRY * compress( GISTENTRY * in)
GISTENTRY * decompress( GISTENTRY * in)
bool equal( Datum a, Datum b)

float * penalty( GISTENTRY *origentry, GISTENTRY
*newentry, float *result)

Datum union(GistEntryVector *entryvec, int *size)

bool consistent( GISTENTRY *entry, Datum query,
StrategyNumber strategy )

GIST_SPLITVEC * split(GistEntryVector *entryvec,
GIST_SPLITVEC *v)

= http://www.sai.msu.su/~megera/postgres/talks/gist_tutorial.html



PacwimnpsemocTtb PostgreSQL: GIST

= [lpumep — Rtree (GiST) _ co
ANSi HACENEHHbIX ' Lo L | 8
nyHkTOB peuum ' o 1@ @ 0
= ManeHbkue
NMPAMOYIOJIbHUKUN —

ncxoaHole aaHHble (MBR
HaceNIeHHbIX NYHKTOB)

" Bonblume NpsiMOYroNbHUKK
— 1-1 ypoBeHb aepeBa

= [loppobHocCTN:
http://www.sai.msu.su/~meg
era/wiki/Rtree_Index



PaclunpsaemocTtb PostgreSQL: GIST

%

= Intarray - AM ana ueno4mcneHHbIX MacCMBOB
= OnepaTopsbl overlap, contains

S1={1,2,3,5,6,9}

S2 = {1,2,5}

S3 = {0,5,6,9} Q=12,9}
S4 = {1,4,5,8}

S5 = {0,9}

S6 = {3,5,6,7,8}

S7 = {4,7,9}

"THE RD-TREE: AN INDEX STRUCTURE FOR SETS", Joseph M. Hellerstein



RD-Tree

Ka>xabl¥ y3en BKJIIO4AaeT BCex NOTOMKOB

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}

{0,5,6,9} {1,2,3,5,6,9} {1,3,4,5,6,7,8} {4,7,9}

{079} {0’51619} {1’2I315’6’9} {1'2’5} {1’41518} {1'315’6’7’8} {41719}

S5 S3 S1 S2 S4 S6 S7



RD-Tree

{011121315;619} {1,3,4,5,6,7,8,9}

{1,3,45,6,7,8} {4,7,9}

QUERY
12,9}
{0,5,6,9} {1,2,3,5,6,9}
{0,9} {0,5,6,9} {1,2,3,5,6,9} {1,2,5}
S5 S3 S1 S2

{1,4,5,8}

{1,3,5,6,7,8}

{4,7,9}

S4

S6

S7




RD-Tree

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}

{1,3,4,5,6,7,8} {4,7,9}

QUERY
{2,9}
{0,5,6,9} [{1,2,3,5,6,9}
{0,9} {0,569} {123,569} {1,2,5}
S5 S3 S1 S2

{1,4,5,8}

{1,3,5,6,7,8}

{4,7,9}

S4

S6

S7




RD-Tree

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}

{1,3,4,5,6,7,8} {4,7,9}

QUERY
12,9}
{0,5,6,9} {1,2,3,56,9}
{0,9} {0,5,6,9} {1,2,3,5,6,9} {1,2,5}
n
S5 S3 ~s1. 52

{1,4,5,8}

{1,3,5,6,7,8}

{4,7,9}

S4

S6

S7




RD-Tree (GiST)

= [Ipob6nembl

= [110X0 LWKANUPYEeTCAa C pOCTOM KO/IMYECTBa
YHUKaNbHbIX 3Nn1eMeHToB (cardinality) u
KONMYECTBOM 3anmnceu

* \Haekc HeTouHbIn (lossy), TpebyeT npoBepku
false drops



GIN
O606LeHHbIN 06paTHbIN MHAEKC



O6paTHbIN NHAEKC

Report Index
A

abrasives, 27

acceleration measurement, 58

accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61,
73,74

actuators, 4, 37, 46, 49

adaptive Kalman filters, 60, 61

adhesion, 63, 64

adhesive bonding, 15

adsorption, 44

aerodynamics, 29

aerospace instrumentation, 61

aerospace propulsion, 52

aeraspace robotics, 68

aluminium, 17

amorphous state, 67

angular velocity measurement, 58

antenna phased arrays, 41, 46, 66

argon, 21

assembling, 22

atomic force micrascopy, 13, 27, 35

atomic layer deposition, 15

attitude control, 60, 61

attitude measurement, 59, 61

automatic test equipment, 71

automatic testing, 24

backward wave oscillators, 45

compensation, 30, 68

compressive strength, 54
compressors, 29

computational fluid dynamics, 23, 29
computer games, 56

concurrent engineering, 14

contact resistance, 47, 66
convertors, 22

coplanar waveguide components, 40
Couette flow, 21

creep, 17

crystallisation, 64

current density, 13, 16

D

design for manufacture, 25
design for testability, 25
diamond, 3, 27, 43, 54, 67
dielectric losses, 31, 42
dielectric polarisation, 31
dielectric relaxation, 64
dielectric thin films, 16
differential amplifiers, 28
diffraction gratings, 68

discrete wavelet transforms, 72
displacement measurement, 11
display devices, 56

distributed feedback lasers, 38



Inverted Index

Report Index
<> compensation, 30, 68
A compressive strength, 54
compressors, 29
abrasives, 27 computational fluid dynamics, 23, 29
acceleration measurement, 58 computer games, 56
<> accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61, | concurrent engineering, 14
73, 74 contact resistance, 47, 66
actuators, 4, 37, 46, 49 convertars, 22
adaptive Kalman filters, 60, 61 coplanar waveguide components, 40
adhesion, 63, 64 Couette flow, 21
adhesive bonding, 15 creep, 17
adsorption, 44 crystallisation, 64
aerodynamics, 29 . current density, 13, 16

P

QUERY: compensation accelerometers

INDEX: accelerometers compensation
5,10,25,28,30,36,58,59,61,73,74 30,68
RESULT: 30

. ENL, 55, discrete wavelet transforms, 72
automatic test equipment, 71 displacement measurement, 11
automatic testing, 24 display devices, 56

distributed feedback lasers, 38
B

backward wave oscillators, 45 E




No positions in index !

Inverted Index in PostgreSQL

Report Index

compensation, 30, 68

/ A compressive strength, 54
compressors, 29
abrasives, 27 computational fluid dynamics, 23, 29
acceleration measurement, 58 computer games, 56
accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61, concurrent engineering, 14

73, 74 contact resistance, 47, 66
actuatars, 4, 37, 4 convertars, 22

adaptive Kalman filters, 80, 6 . . coplanar waveguide components, 40
adhesion, 63, 64 1P° ti ng list Couette ﬂc:w,ezgi

adhesive bonding, 15 POSting tree creep, 17

r

adsorption, 44 crystallisation, 64

aerodynamics, 29 o -

aerospace instrumentation, & GIN Entry page, level N: keywords
aerospace propulsion, 52

aerospace robotics, 68 Structure abe bar foo

gluminium, 17 I L [

amorphous state, 67 - \
angular velocity measurement | Entry page, level O (leaf)

antenna phased arrays, 41, 4 aaa abc Entry page, level 0

argon, 21 > | baa bar
assembling, 22

atomic force microscopy, 13, l
ny
| Right link

atomic layer deposition, 15
attitude control, 60, 61
attitude measurement, 59, 61
automatic test equipment, 71
automatic testing, 24

- .

backward wave oscillators, 45

E
N
T
R
Y
T
R
E
E

14:17 218:1 1021:6
. . i Right bound [ 1. i i Right bound
14:17 14:17 123:1 158:18 2181




Inverted Index

= CTpyKTypa OaHHbIX, KOTOpas Ans Ka)Kaoro
Kfto4a XpaHUT CNUCOK AJOKYMEHTOB,
coAaep kalluux 3TOT KJIoY

" TpaTM BpeMs Ha NpenpoLecCUHr u
SKOHOMMUM TP NMOoncCkKe

= CuHoHuMbI: posting list, posting file, inverted
file, "HBEpTUPOBAHHbBIN CMNCOK

= GIN (Generalized Inverted Index) -

AbcTparvupyemcs ot ornepauymny — TUN AaHHbIX CaM
onpeaenseT Kakyto ornepauuto YCKOpsTh



=
) U

!

Generalized Inverted Index:API

'

3

Pa3spaboTtunk npenocrasnseT 4 (5) GyHKUMMA:

Datum* extractValue(Datum inputValue, uint32*
nentries)

int compareEntry(Datum a, Datum b)

Datum* extractQuery(Datum query, uint32*
nentries, StrategyNumber n, bool* pmatch[])

bool consistent(bool check[], StrategyNumber n,
Datum query, bool *needRecheck)

int (Datum query_key,
Datum indexed_key, StrategyNumber n )



GIN

= [logaep>XMBAET pa3Hble TUMbl AAHHbIX

= OyeHb ObICTPbIM NOUCK MO KNto4YaM — Btree
= [Topaep>kka partial match

= MHOroaTpmbyTHbIN MHOEKC

= Xopowas MacwTtabupyemocTb (KOs-BO
KNoYeN, KoN-BO JOKYMEHTOB)

" bbICTpOe co34aHne nHAEeKCa

= HaeXXHOCTb M XOpPOLLUMA Napannenn3m



GIN: Update problem

1: 1,4
2: 2,3,
3: 2,4
5: 1,3,
6: 1,4
7: 1,2
12: 2,4
14: 3
25: 3

Oner baptyHos, TAULLI-MIY  AHaTOMMSA NONMHOTEKCTOBOrO noucka PostgreSQL 12 anpensa 2013

2 A



GIN: bbicTpoe o6bHOBNEHNE

%

= [TOCTUHI INCT AN 60MbLLIOro KOMYeCcTBa

3HAaYEeHNW 3aMeHseTCcsa Ha Btree — yckopser
MOWUCK

= OObHOBNEHUA B UHAEKC OTK/1a4bIBAKOTCI —

ncnonb3yetca TexHuka bulk insert, kKak 1 npu
CO31aHNN UHOEKCa



[TpunoxxeHua GiST, GIN

%

= | lenoyncneHHble Maccusbl (GiST, GIN)

= MonHotekcToBbIM Monck  (GiST, GIN)

= JlaHHble ¢ agpeBoBMAHON CTPYKTYypou (GiST)
= [lonck noxoxux cnos (GiST, GIN)

= Rtree (GiST)

= PostGIS (postgis.org) (GiST) — spatial index
= BLASTgres (GiST) — buonHpopmMaTmKa

= MHoroMepHbIn Ky6 (GiST)




FTS in Databases

[TO/THOTEKCTOBbLIN NMOUCK
" HAWTKU AOKYMEHTbI YAOBNETBOPSAIOLLMNE 3arnpocy
" OTCOPTUPOBATb UX B HEKOTOPOM MopsiaKe

= Tpe6boBaHus Kk FTS
" nonHasa uHrerpauua c Cyb/i

" KOHKYPEHTHBbIN JOCTYN HALLERLTL G
" BOCCTAHOBJIEeHMe nocne cboes

= online nHaekc
= KoHpUrypmpyemocTb (rnapcepsbl, crioBapu,...)
= MacwTtabupyeMocTb



FTS in Databases

= O6blYHbIE MOUCKOBbIE MALLUMHbI HE MOryT
NHAEKCUPOBaTb 6a3bl AaHHbIX

= Web-site — nHTepdenc k b/1

= Bba3bl AaHHbIX Kak YacTb Hidden,Invisible,
Dark, Deep Web

“ CTpaHULUbI, HA KOTOPbIE HUKTO HE CCbIJIAETCH

" javascipt, flash reHepupyemble NUHKK
" OBUHAPHbIN KOHTEHT



Y10 Takoe [JoKyMeHT ?

W

= [Tpon3BObHbIN TEKCTOBbLIN aTPUOYT

= KomMbuHaUnsa TEKCTOBbLIX aTpnbyTOB M3 O4HOW
nnn pasHolx (join) Tabnuy

Title || Abstract || Keywords || Body || Author



Text Search Operators

" TpaguMUMOHHbIE ONepaLnm TEKCTOBOIrO NOUCKA
( TEXT op TEXT, op - ~, ~*, LIKE, ILIKE)

=# select ’Eci_’gclle from apod where title ~* 'x-ray' limit 5;
itle

The X-Ray Moon

Vela Supernova Remnant in X-ra

Tycho's Supernova Remnant in X-ray

ASCA X-Ray Observatory

Unexpected X-rays from Comet Hyakutake

(5 rows)

=# select title from apod where title ilike '%x-ray%"' limit 5;



What's wrong ?

= HeT noaaep>XKun NMMHIBUCTUKM
" YTO eCTb C/10BO ?
" YTO MHAEKCUPOBATH ?
" «KHOpManu3auuns» csioB
= cton-cnoBa (noise-words)

" HeT peneBaHTHOCTU
" BCEe AOKYMEHTbl OAMHAKOBO «MOXOXWN»

= MeaneHHo, JOKYMEHTbl KaXXabll pa3 CKaHUpPYHOTCS

B 9.3+ nosiBunacb nHaekcHaa noaaepxka (pg_trgm)

select * from man_lines where man_line ~* '(?:
(?:p(?:0stgres(?:gl)?|g?sql)|sql)) (?:(?:(?:mak|us)e|dolis))’]



FTS in PostgreSQL

W

= OpenFTS — 2000, Pg as a storage

= GiST index — 2000, thanks Rambler

= Tsearch — 2001, contrib:no ranking

= Tsearch2 — 2003, contrib:config

= GIN —2006, thanks, JFG Networks

= FTS — 2006, in-core, thanks,EnterpriseDB




FTS in PostgreSQL

tsvector — xpaHunuwe ans JOKYMeHTOB,
ONTUMU3NPOBAHHOE 47151 MOUCKA

" OTCOPTMPOBAHHbIM MACCUB NEKCEM
" NO3NLIMOHHAsS MH(OPMaLUS
" CTPYKTYPHasa MHopMauuns (Ba>KHOCTL)

tsquery — TekcToBbIM TUMN A9 3anpoca C
normndecknmm onepatopamm & | ! ()

NMoNHOTEKCTOBbIN onepaTtop: tsvector @@ tsquery
OnepaTtopbl @>, <@ pana tsquery

DYHKLMUN: to_tsvector, to_tsquery, plainto_tsquery,
ts_lexize, ts_debug, ts_stat, ts_rewrite,ts_headline,
ts_rank, ts_rank_cd, setweight

NHpekcobl: GiST, GIN



FTS in PostgreSQL

'Ae Bbiurpobiwl ?
[IOKyMeHT 0bpabaTbiBaeTcs Npy MHAEKCUPOBAHNN — HE

TpaTUTCS BpeMs Ha 06paboTKy npu rnoucke.

" JOKYMEHT pa3bmBaeTcst Ha TOKEHbI C MOMOLLIbIO
NoaKIt04aEMOro napcepa

“ TOKEHbI NMpeEBPALLatoTCA B JIEKCEMbI C NMOMOLLbIO
NOAKJ/TKOHaEMbIX C/ITOBApPEN

" 33MOMUHAIOTCA NO3ULIMOHHAs MHMOpMaLMA U
BAX>XHOCTb JIEKCEMBI, UCMOSIb3YETCS ANS
DAHXXMPOBAHUSA pe3y/bTaToB

= CTOM-C/I0Ba UFHOPUPYIOTCS



FTS in PostgreSQL

%

= Query 06pabaTbliBaeTCs Nnpu MOUCKe
" pa3bMBaeTCs Ha TOKEHDI
" TOKEeHbl NMpeBpaLlaoTCs B SIeKCEMb
= TOKEeHbl MOryT UMeTb Beca
" yOUpatoTCs CTOM-CrioBa

" MOXXHO orpaHuymaTb 06/1aCTb NOMCKA
'fat:ab & rats & ! (cats | mice)'

" MOXXET U3MEHATbCA C NMoMoLllbio query rewriting
«Ha Xoay»




) FTS in PostgreSQL

&
@

[lapcep pa3bmBaeT TEKCT HA TOKEHbI Mapcep
=# select * from ts_token type('default');
tokid | alias | description
_______ o
1 | asciiword | Word, all ASCII
2 | word | Word, all letters
3 | numword | Word, letters and digits
4 | email | Email address
5 | url | URL
6 | host | Host
7 | sfloat | Scientific notation
8 | version | Version number
9 | hword numpart | Hyphenated word part, letters and digits
10 | hword part | Hyphenated word part, all letters
11 | hword_asciipart | Hyphenated word part, all ASCII
12 | blank | Space symbols
13 | tag | XML tag
14 | protocol | Protocol head
15 | numhword | Hyphenated word, letters and digits
16 | asciihword | Hyphenated word, all ASCII
17 | hword | Hyphenated word, all letters
18 | url_path | URL path
19 | file | File or path name
20 | float | Decimal notation
21 | int | Signed integer
22 | uint | Unsigned integer
23 | entity | XML entity
(23 rows)



FTS in PostgreSQL

XObIN TOKEH 0b6bpabaTbiBaeTCs CIOBapsiMu

=# \dF+ russian
Text search configuration "pg catalog.russian"
Parser: "pg catalog.default"

Token | Dictionaries
asciihword english stem \\\\\\
asciiword english stem
emall simple ts lexize('english stem','stars')
file simple - —
float simple | T

+
I
I
I
I
I
host | simple
hword | russian stem
hword asciipart | english stem
I
I
I
I
I
I
I
I
I
I
I

hword numpart simple
hword part russian_stem
int simple
numhword simple
numword simple
sfloat simple
uint simple
url simple
url path simple
version simple
word russian stem



FTS in PostgreSQL

CnoBO nepeaaeTcs OT C/I0Baps K C/I0Bapio NMOKa OHO He
PACMo3HaeTcs.

= Ecnm cnoBo He pacno3HaHO BCEMM C/I0BapPsiMU, TO OHO He
MHOEKCUPYETCSI.

NMpaBUNO: OT «Y3KOro» C/I0Baps K «LWWUPOKOMY> !
=# \dF+ pg

Configuration "public.pg" lowercase

Parser name: "pg catalog.default”
Locale: 'ru RU.UTF-8' (default)

Token Dictionarie
file pg catalog.simple — C '
host pg catalog.simple TeMMepbl pacno3HaloT Bce !

int pg catalog.simple
lhword public.pg dict,public.en ispell,pg catalog.en stem
lpart hword public.pg dict,public.en ispell,pg catalog.en stem
Lword ,public.en_ispell,pg catalog.en stem
nlhword pg catalog.simple

|
+
|
hword | pg catalog.simple
|
I
|
I
|
|

nlpart hword pg catalog.simple



FTS in PostgreSQL

CnoBapb - sto nporpaMma, koTopast NPUHUMAET Ha BXO[
TOKEH U BblaaeT MaccuB nekcem mnm NULL, ecnn pacno3HaHHO
CTOMN-CNOBO

= API no3BondeT nucaTtb C10Bapu NojA pa3Hble 3a4a4u
" YKOopauuBaTb AIMHHbIE LNPPBbI
" [IpnBOoAMTL BCe 0603Ha4YeHns LUBETOB B OAUH BUA
= [TpBoanTb URL-M K KQHOHMYECKOMY BMAOY
= BcTpoeHHble cnoBapu-3arotoBku (templates) ans
= cnosapewu ispell, myspell, hunspell
= snowball stemmer
= thesaurus
" synonym
= simple



s

i}

= CnoBapb — 3TO nporpamMma !

=# select ts_lexize('intdict’, 11234567890);
ts_lexize

{112345)
=# select ts_lexize('roman', 'XIX');
ts_lexize

CnoBapu

=# select ts_lexize('colours',"#FFFFFF');
ts_lexize



ACTpoHOMMYECKUM cnoBapb (arxiv)

Dictionary with regexp support (pcre library)
# Messier objects

(M|Messier)(\s|-)?((\d){1,3}) M$3

# catalogs
(NGC|Abell|[MKN|IC|H[DHR]JUGC|SAO|MWC)(\s|-)?((\d){1,6}[ABC]?) $1$3
(PSR|PKS)(\s|-)?([JB]?)(\d\d\d\d)\s?([+-]\d\d)\d? $1$4$5

# Surveys

OGLE(\s|]-)?((1){1,3}) ogle

2MASS twomass

# Spectral lines

H(\s|-)?(alpha]betal]gamma) h$2
(FelMg|Si[He|Ni)(\s|-)?((\d)[([IXV])+) $1$3

# GRBs

gamma\s?ray\s?burst(s?) GRB

GRB\s?(\d\d\d\d\d\d)([abcd]?) GRB$1$2



B

ﬁz Dictionaries - interface

N

-’

void* dictInit(List *dictoptions)

- list of dictoptions actually contains list of
DefElem structures (see headers)

- returns pointer to the palloc'ed dictionary
structure

- Can be expensive (ispell)

TSLexeme* dictlLexize(

vold* dictData, // returned by dictlnit()
char* lexeme, // not zero-terminated
int Llenlexeme,
DictSubState *substate // optional

);



B

Dictionaries — output

%

typedef struct {

uintl6 nvariant; // optional
uintle flags; // optional
char *lexeme;

} TSLexeme;

dictLexize returns NULL - dictionary
doesn't recognize the lexeme

dictLexize returns array of TSLexeme
(last element TSLexeme->lexeme is NULL)

dictLexize returns empty array -
dictionary recognizes the lexeme, but
it's a stop-word



Agglutinative Languages

%

German, norwegian, ...
http://en.wikipedia.org/wiki/Agglutinative language

Concatenation of words without space

Query - Fotballklubber
Document - Klubb on fotballfield

How to find document ?

Split words and build search query
'fotbalklubber' =>

' ( fotball & klubb ) | ( fot & ball & klubb ) °



Filter dictionary — unaccent

contrib/unaccent - unaccent text search dictionary
and function to remove accents (suffix tree, ~ 25x
faster translate() solution)

1. Unaccent dictionary does nothing and returns NULL.
(lexeme 'Hotels' will be passed to the next dictionary if any)

=# select ts lexize('unaccent', 'Hotels') is NULL;
?7column?

2. Unaccent dictionary removes accent and returns 'Hotel'.
(lexeme 'Hotel' will be passed to the next dictionary if any)

=# select ts lexize('unaccent', 'Hotel');
ts lexize



Filter dictionary - unaccent

CREATE TEXT SEARCH CONFIGURATION fr ( COPY = french );
ALTER TEXT SEARCH CONFIGURATION fr ALTER MAPPING FOR hword, hword part, word
WITH unaccent, french stem;

=# select to tsvector('fr',6 'Hotel de la Mer') @@ to tsquery('fr', 'Hotels');
?7column?

Finally, unaccent dictionary solves the known problem with headline !
( to _tsvector(remove accent(document)) works with search, but
has problem with highlighting )

=# select ts headline('fr', 'Hotel de la Mer',to tsquery('fr', 'Hotels'));
ts headline

<b>Hotel</b> de la Mer



Synonym dictionary with prefix
search support

cat $SHAREDIR/tsearch _data/synonym sample.syn
postgres pgsql

postgresq| pgsql

postgre pgsql

gogle googl

indices index*®

=# create text search dictionary syn

( template=synonym,synonyms='synonym_sample');
=# select ts_lexize('syn','indices');

ts_lexize



Synonym dictionary with prefix
search support

%

=# create text search configuration tst ( copy=simple);
=# alter text search configuration tst alter mapping
for asciiword with syn;

=# select to_tsquery('tst’,'indices');

to tsquery

'index':*

=# select 'Indexes are very useful'::tsvector @@
to_tsquery('tst','indices’);

?column?



B

3!

dict_xsyn

-’

= How to search for 'William' and any
synonyms 'Will', 'Bill', 'Billy' ? We can:
= Index only synonyms
= I[ndex synonyms and original nhame

= Index only original name - replace all synonymes.
Index size is minimal, but search for specific
name is impossible.




i}

= Old version of dict_xsyn can return only list of
synonyms. It's possible to prepare synonym

file to support other options:

William Will Bill Billy
Will William Bill Billy
Bill William Will Billy
Billy William Will Bill

= New dict_xsyn (Sergey Karpov) allows better

control:

CREATE TEXT SEARCH DICTIONARY xsyn
(RULES="'xsyn sample', KEEPORIG=false|true,
mode="'SIMPLE |SYMMETRIC|MAP"');

dict_xsyn




dict_xsyn

= Mode SIMPLE - accepts the original word and
returns all synonyms as OR-ed list. This is
default mode.

= Mode SYMMETRIC - accepts the original word
or any of its synonyms, and return all others
as OR-ed list.

= Mode MAP - accepts any synonym and returns
the original word.



dict_xsyn

EXAMPLES:

=# ALTER TEXT SEARCH DICTIONARY xsyn (RULES='xsyn sample',
KEEPORIG=false, mode='SYMMETRIC');

=# select ts lexize('xsyn',6'Will') as Willt,
ts lexize('xsyn','Bill') as Bill,
ts lexize('xsyn','Billy') as Billy;

{william,bill,billy} | {william,will,billy} | {william,will,bill}

Mode="MAP'

{william} | {william} | {william}



FTS in PostgreSQL

= Habop dyHKUMM ans nonyyenus tsvector n tsquery
" to_tsvector(ftscfg, text)

= to_tsquery(ftscfg, text)

cTon-cinoBo

=# select to_tsvector('english’, 'as supernovae stars');
to tsvector

=# select * from ts_debug('english', 'a supernovae stars');

alias | description | token | dictionaries | dictionary | lexemes
----------- gy ey g
asciiword | Word, all ASCII | a | {english_stem} | english_stem | {}
blank | Space symbols | | {} |
asciiword | Word, all ASCII | supernovae | {english_stem} | english_stem | {supernova}
blank | Space symbols | | {} |
asciiword | Word, all ASCII | stars | {english_stem} | english_stem | {star}

(5 rows)



FTS configuration

= FTS koHuUrypauus onpeaensiet

= KaKoW napcep UCrosnb3yeTcs AN pa3dbuBaHUSA TEKCTA Ha
TOKEHbI

" KaKuMe TOKEHbl, KaKMMM CNOBapsiIMMU U B KAKOM MOpSaKe
obpabaTbiBalOTCH

= KoHpurypaums 3agaetcs ¢ nomouwbio SQL komaHa

{CREATE | ALTER | DROP} TEXT SEARCH {CONFIGURATION | DICTIONARY | PARSER}

= FTS kKoHUrypauum MOXeT bbiTb MHOIO, NOAAEPXKNBAKOTCS
CXEeMbl

= IHdopmMaums 0 KOHUrypauum ocTtyrnHa B psql

\dF{,d,p}[+] [PATTERN]



FTS configuration

‘ 16 KoHurypauum ansa 15 A3bIKOB

=# \dF
List of text search configurations
Schema | Name | Description
____________ e
pg_catalog | danish | configuration for danish language
pg_catalog | dutch | configuration for dutch language
pg_catalog | english | configuration for english language
pg_catalog | finnish | configuration for finnish language
pg_catalog | french | configuration for french language
pg_catalog | german | configuration for german language
pg_catalog | hungarian | configuration for hungarian language
pg_catalog | italian | configuration for italian language
pg_catalog | norwegian | configuration for norwegian language
pg_catalog | portuguese | configuration for portuguese language
pg_catalog | romanian | configuration for romanian language
pg_catalog | russian | configuration for russian language
pg_catalog | simple | simple configuration
pg_catalog | spanish | configuration for spanish language
pg_catalog | swedish | configuration for swedish language
pg_catalog | turkish | configuration for turkish language

(16 rows)



| [MonHoTekcToBbIN Nonck PostgreSQ

DOCUMENT to tsvector(cfg,doc)

P

» PARSER |«

i (token, tOke:ye')/,
dicts(token _type) >
vy YES NO
i=0 YES
-
ask DICTIi] .. - J
=i+l | I<N >
NO
# YES NO
— IS STOP? | —» | tsvector

YES NO



[MonHoTekcToBbLIM NMOUCK PostgreSQL

i

2| QUERY .+ QpaRSER to_tsquery
Supernovae & stars # N
QUERYTREE &
Foreach leaf node @« Supernovae stars
»PARSER <«
# (token, token_type) \/ \/
dicts (token_type) > {supernova,sn} star
v NO
YES YES &
|
. : ]
?DICTI] iis1 - i<N & ' p—
vYES NO
NO
~ISSTOP 2 —» QUERYTREE supernova  sn
|
YES NO

» TSQUERY (supernova | sn) & star




NHaeKchbl |

®* /lHOeKC — 3TO NMOUCKOBOE AEepPEBO, B JINCTbAX KOTOPOro
COAlepXKaTCs yKa3aTesim Ha 3anvcu B Tabnuue

" /IHOEKC He CoAepXWUT MHPOopMaLMn 0 BUANMOCTU
3anuncn (MVCC )

" IHOEKCbl TOMIbKO YCKOPSIKOT BbIMOJIHEHME 3anpoca
(onepaTopbl,onepaHabl)

= Pe3ynbTaThbl BbIOOPKU C UCMOb30BaHMEM NHAEKCA
NOMKHbI COBMaaaTb C MOC/AeA0BaTENbHbIM CKaHOM U
bunbTpaumen

= Hpekcbl moryT 6b1Thb partial (where price > 0.0),
functional (to_tsvector(text)), multicolumn
(timestamp, tsvector)



FTS Index (GiST): RD-Tree

= CurHaTypa c/oBa — C/I0BO X3alumpyeTtcs B no3uumio '1'

w1l -> S1: 01000000 Document: wl w2 w3

w2 -> 52: 00010000
w3 -> S3: 10000000

= CurHaTtypa AokyMeHTa (3anpoca) — cynepno3uuus (bit-wise
OR) nHanBUAyanbHbIX CUrHATYP
S: 11010000

= OunbTp bntoma (Bloom filter)

Q1: 00000001 — exact not
Q2: 01010000 - may be contained in the document, false drop

= CurHaTtypa — HeTo4Hoe (lossy) npeacraBneHne AoK-Ta
= + fixed length, compact, + fast bit operations
= - |ossy (false drops), - saturation with #words grows



FTS Index (GiST): RD-Tree

W

= [lpuMep — NATUHCKUE MOroBOPKM

id | proverb

1 | Ars longa, vita brevis
2 Ars vitae

3 Jus vitae ac necils

4 Jus generis humani

5 Vita nostra brevis




FTS Index (GiST): RD-Tree

word | signature
......... e

ac | 00000011

ars | 11000000 QUERY
brevis | 00001010

generis | 01000100

humani | 00110000

jus | 00010001

longa | 00100100

necis | 01001000

nostra | 10000001

vita | 01000001

vitae | 00011000

Root
11011011
11011001 10010011 <« Internal nodes

1101000 11010001 11011000 10010010 10010001« Leaf nodes




GiST index - RD-Tree

ib module Gevel ucnonb3yetca Ons M3yvyeHUsa NOUCKOBOro fepesa.

arxiv=# select * from gist print('gist idx 90') as
t(level int,valid bool, fts gtsvector) where level =4;
level | valid | fts

JIncTbAa nepesa

4 | t | 130 true bits, 1886 false bits
4 | t | 95 unique words
4 | t | 33 unique words

4 | t | 61 unique words
(417366 rows)

BHYyTpeHHMe y3bl

arxiv=# select * from gist print('gist idx 90') as
t(level int, valid bool, fts gtsvector) where level =3;

level | valid | fts

3 t | 852 true bits, 1164 false bits
3] t | 861 true bits, 1155 false bits
3 t | 858 true bits, 1158 false bits
- 3] t | 773 true bits, 1243 false bits
(17496 rows)



RD-Tree (GiST)

proverb | signature

Ars longa, vita brevis 111601111

Ars vitae 1101106000

Jus vitae ac necis 01011011

Jus generis humani 01110101

Vita nostra brevis 11001011 False drop
= [Ipob6nembl

" [1N10XO0 WKANMMPYETCA C POCTOM KONIMYECTBA YHMUKANbHbIX
anemeHToB (cardinality) n konuyecTtBom 3anunceu

* \Hpekc HeTouHbIn (lossy), TpebyeT npoBepku false drops
(Recheck B EXPLAIN ANALYZE)



FTS Indexes

= /ilcnonb3ynte MHOEKCHI

= GIST MHAEeKC angd U3MeHsWMXCa AaHHbIX
= 6bICTPO OB6HOB/ISIETCS
" He OYeHb XOPOLLO LWKANINPYETCH
" 33aBMCUT OT KOJSIMYECTBA YHMKASbHbIX CI0Ba

= GiN nHaekc s apxuBHbIX Tabnmy

= nonblue obHoBnsieTcs ( npu BCcTaBke AokyMeHTa 13 1000
cnoB Tpebyetcs caenatb 1000 updates). Gin Fast Update
npobnemy cunbHO ocnabwun !

" XOPOLUO LLKaIUpyeTcs
" 0YyeHb cnabo 3aBUCUT OT UMCNA YHUKASIbHbIX C/T0B

= (0b6a nHaeKkca KOHKYPEHTHbI 1 NOAAEPXKUBAOT BOCCTAHOBNEHNE
nocne coboes



GIN

3

Query: 2 & 12
Result: 2

Oner baptyHos, TAULLI-MIY  AHaTOMMSA NONMHOTEKCTOBOrO noucka PostgreSQL 12 anpensa 2013



GIN Index

W

Demo collections — latin proverbs

1d | proverb

1 | Ars longa, vita brevis
2 Ars vitae

3 Jus vitae ac necils

4 Jus generis humani

5 Vita nostra brevis




GIN Index

Inverted Index

Entries
tree : Posting
word | posting \ .
_________ e e e o - - o
3} >
{1,2}
brevis {1,5} * Fast search
generis| | {4}  Slow update
humani {4}
jus {3,4}
longa {1}
necis {3}
nostra {5}
vita {1,5}
Vit [rondi 20,34




Full-text search tips

%

= Stable to_tsquery

= Find documents with specific token type

= Getting words from tsvector

= Confuse with text search

= Antimat constraint

= APOD example (ts_headline, query rewriting)
= FTS without tsvector column

= Strip tsvector

= Fast approximated statistics



Stable to_tsquery

Result of to_tsquery() can't be used as a cache key,
since to _tsquery() does preserve an order,
which isn't good for cacheing.

Little function helps:

CREATE OR REPLACE FUNCTION stable ts query(tsquery)
RETURNS tsquery AS

$$

$$
LANGUAGE SQL RETURNS NULL ON NULL INPUT IMMUTABLE;

SELECT ts rewrite( $1 , ‘dummy word', 'dummy word');

Note: Remember about text search
configuraton to have really good cache key !



Find documents with specific token

type

How to find documents, which contain emails ?

CREATE OR REPLACE FUNCTION document token types(text)
RETURNS text AS

$$

SELECT ARRAY (
SELECT
DISTINCT alias
FROM
ts token type('default') AS tt,
ts parse('default', $1) AS tp
WHERE
tt.tokid = tp.tokid
) ;
$$ LANGUAGE SQL immutable;



Find documents with specific token

type

=# SELECT document token types(title) FROM papers
LIMIT 10;

document token types
{asciihword,asciiword,blank,hword asciipart}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank}
{asciiword,blank, float,host}
{asciiword,blank}
{asciihword,asciiword,blank,hword asciipart,int,numword,uint}
{asciiword, blank}
{asciiword,blank}
(10 rows)

CREATE INDEX fts types idx ON papers USING
gin( document token types (title) );



Find documents with specific token

type

%

How to find documents, which contain emails ?

SELECT comment FROM papers
WHERE document token types(title) && '{email}';

The list of available token types:

SELECT * FROM ts token type('default');



Getting words from tsvector

CREATE OR REPLACE FUNCTION ts_stat(tsvector, OUT word text,
OUT ndoc integer, OUT nentry integer)
RETURNS SETOF record AS $$
SELECT ts stat('SELECT ' || quote literal( $1::text )
|| '::tsvector');
$$ LANGUAGE SQL RETURNS NULL ON NULL INPUT IMMUTABLE;

SELECT 1d, (ts stat(fts)).* FROM apod WHERE 1id=1;
id word ndoc nentry




Confuse with text search

W

One expected true here, but result is disappointing false

=# select to_tsquery(‘ob_1','inferences') @@
to_tsvector(‘ob_1','inference’);
?column?

Use ts debug() to understand the problem

‘inferences':
{french ispell, french stem} | french_stem | {inferent}

‘inference’:
{french ispell, french stem} | french_ispell | {inference}



Confuse with text search

W

= Use synonym dictionary as a first dictionary
{synonym,french_ispell,french_stem}

with rule '1nferences inference'
= Don't forget to reindex !

= Use ts_rewrite()
= Don't need to reindex




Antimat constraint

CREATE TABLE nomat (i int, t text,

CHECK (NOT (to tsvector(t) @@ 'f.ck'::tsquery))
) ;
=# INSERT INTO nomat(i,t) VALUES(1l,'f.ck him');

ERROR: new row for relation "nomat" violates check
constraint "nomat_t check"

DETAIL: Failing row contains (1, f.ck him).
=# INSERT INTO nomat(i,t) VALUES(1l, '"f.cking him');

ERROR: new row for relation "nomat" violates check
constraint "nomat_t check"

DETAIL: Failing row contains (1, f.cking him).
=# INSERT INTO nomat(i,t) VALUES(1l, 'kiss him');
INSERT 0 1



e APOD example

http://www.astronet.ru/db/apod.html

= curl -O http://www.sai.msu.su/~megera/postgres/fts/apod.dump.gz
= zcat apod.dump.gz | psql postgres
= psql postgres

postgres=# \d apod
Table "public.apod”

Column ype Modifiers
id integer not null
title text
body text
sdate date
kKeywords text

POStéres show default text search config;
efault text search config

pg catalog.russian



APOD example: FTS configuration

=# \dF+ russian .

Text search configuration
"pg catalog.russian"

Parser: "pg catalog.default"”

Token | Dictionaries
_________________ F o e e e a - -
asciihword english stem
asciiword english stem
email simple
file simple
float simple
host simple
hword - russian stem
hword asciipart english stem
hword numpart simple
hword part russian stem
int simple
numhword simple
numwo rd simple
sfloat simple
uint simple
url simple
url path simple
version simple
word russian stem




APOD example: FTS index

&
) U

9

postgres=# update apod set fts=
setweight
setweight
setweight

ostgres=# alter table apod add column fts tsvector;

to_tsvector
to_tsvector
to_tsvector

coalesce
coalesce
coalesce

')';),'A') |I|I

keywords

title),"),'B'é
body),"),'D’

if NULL then " NULL || nonNULL => NULL

postgres=# create index apod_fts_idx on apod using gin(fts);
postgres=# vacuum analyze apod;

postgres=#t$ﬁlect title from apod where fts @@ plainto_tsquery('supernovae stars') limit 5;
itle
Runaway Star _
Exploring The Universe With IUE 1978-1996
Tycho Brahe Measures the Sky
nusual Spiral Galaxy M66 .
COMPTEL Explores The Radioactive Sky



APOD example: Search

postgres=# select title,ts rank cd(fts, g)as rank from apod,

to tsquery('supernovae x-ray')
whéreqftsy @@ 8 order by rankzcd 8esc limit 5;

Supernova Remnant E0102-72 from Radio to X-Ray 1.59087
An X-ray Hot Supernova 1n M3l 1.47733
X-ray Hot Supernova Remnant in the SMC 1.34823
Tycho's Supernova Remnant in X-ray 1.14318
Supernova Remnant and Neutron Star 1.08116

(5 rows)
Time: 1.965 ms

ts rank cd He HOpMUpOBaH, TaK KakK
MCnoJsib3yeTcH
TOJIbKO nHpopmMmauusa !

0 < rank/(rank+1) < 1

ts rank_cd( fts, q)
D C B A



APOD example: headline

postgres=# select ts headllne(bo q ‘Sta rtSel=<,StogSe1 => MaxWords 10 M1nWords 5'),
ts ank cd(fts, q) from apod, to query('supernovae & X ray g where
g order by rank cd desc limit 57

headline | ts rank cd
______________________________________________________________________ Fo-e o a -

<supernova> remnant E0l102-72, however, is giving astronomers a clue 1.59087
<supernova> explosion. The plcture was takeh in ~<X>-<rays> 1.47733
<X>-<ray> glow 1is pro duced multi-million degree 1.34823
<X>-<rays> emitted by this s ockwave made by a telescope 1.14318
(5<X> <§ay> glow. Plctured is the <supernova> 1.08116
rows

Time: 39.298 ms

MepneHHo ! Hapo
ncnosib3oBatb subselect. 06
3TOM noapobHee B coBeTax.




APOD example

" Mcnonb3ysa oavH MHAEKC MOXHO MMETb pa3Hble MOUCKMU

" TOUCK TOJIbKO B 3arosioBkax — NnOucK cpeaun nekcem,
MApPKUPOBAHHbIX «Ba>XHOCTbIO» 'b'.
=# SELECT title,ts rank cd(fts, q) AS rank FROM apod,

to tsquery('supernovae:b & x-ray') q
WHERE fts @@ g ORDER BT rank cd DESC LIMIT 5;

title | rank
________________________________________________ Lo ocoooooos
Supernova Remnant E0102-72 from Radio to X-Ray | 1.59087
An X-ray Hot Supernova in M81 | 1.47733
X-ray Hot Supernova Remnant in the SMC | 1.34823
Tycho's Supernova Remnant in X-ray | 1.14318
Supernova Remnant and Neutron Star | 1.08116

(5 rows)

to_tsquery('supernovae:ab') - Nonck cpenmn 3arosIOBKOB U KJ1HOYEBbLIX CJ10B



FTS without tsvector column

= Use functional index (GiST or GiN)
" no ranking, use other ordering

create index gin text idx on test using gin (
( coalesce(to tsvector(title),'') || coalesce(to tsvector(body),'"') )

);

apod=# select title from test where
(coalesce(to tsvector(title),'') || coalesce(to tsvector(body),'') ) @@
to tsquery('supernovae') order by sdate desc limit 10;



FTS tips

ts_headline() dyHkUna MeaneHHast — ncnonb3ymnte subselect

790 times
select id,ts headline(body,q),ts rank(fts,q) as rank
from apod, to tsquery('stars') q

where fts @@ g order by rank desc limit 10;

Time: 723.634 ms

select id,ts headline(body,q),ts rank from (
select 1id,body,q, rank(fts,q) as rank from apod,
to tsquery('stars') g
where fts @@ q order by rank desc limit 10
) as foo;

Time: 21.846 ms

=#select count(*)from apod where fts @@ to tsquery('stars');
count

790



FTS tips — Query rewriting

%

" |[A3mMeHeHuMe 3anpoca online

" pacwmpeHue 3arnpoca

= cMHOHMMBI ( new york => Gottham, Big Apple, ...)
= Cy>XeHue 3anpoca

= Kypck => nogsogHas nogka Kypck

= [JoxoXXe Ha cnoBapb Te3aypyc (CMHOHUMOB), HO He TpebyeT

nepevHaeKcaLmm



FTS tips — Query rewriting

ts_rewrite (tsquery, tsquery, tsquery)
ts rewrite (ARRAY[tsquery,tsquery,tsquery]) from aliases

ts_rewrite (tsquery,'select tsquery,tsquery from aliases')

create table aliases( t tsquery primary key, s tsquery);

insert into aliases values(to _tsquery(' "),
to_tsquery(' '));

apod=# select ts rewrite(to_tsquery('supernovae'),
'select * from aliases');

ts_rewrite



FTS tips — Query rewriting

apod=# select title, coalesce(ts rank cd(fts,q,1),2) as rank
from apod, to_tsquery('supernovae') q
where fts @@ q order by rank desc limit 10;

title rank
________________________________________________ o e e - - -
The Mysterious Rings of Supernova 1987A 0.669633
Tycho's Supernova Remnant in X-ray 0.598556
Tycho's Supernova Remnant in X-ray 0.598556
Vela Supernova Remnant in Optical 0.591655
Vela Supernova Remnant in Optical 0.591655
Galactic Supernova Remnant IC 443 0.590201
Vela Supernova Remnant in X-ray 0.589028
Supernova Remnant: Cooking Elements In The LMC | 0.585033
Cas A Supernova Remnant in X-Rays 0.583787
Supernova Remnant N132D in X-Rays 0.579241

Lower limit




FTS tips — Query rewriting

apod=# select id, title, coalesce(ts rank cd(fts,q,1),2) as rank
from apod, ts rewrite(to tsquery('supernovae'), 'select * from aliases') q
where fts @@ q order by rank desc limit 10;

id | title | rank

_________ e
1162701 | The Mysterious Rings of Supernova 1987A | 0.90054
1162717 | New Shocks For Supernova 1987 | 0.738432
1163673 | Echos of Supernova 1987A | 0.658021
1163593 | Shocked by Supernova 1987a | 0.621575
1163395 | Moving Echoes Around SN 1987A | 0.614411
1161721 | Tycho's Supernova Remnant in X-ray | 0.598556
1163201 | Tycho's Supernova Remnant in X-ray 0.598556
1163133 | A Supernova Star-Field 95041
1163611 | Vela Supernova Remnant in Optical | O

1161686 | Vela Supernova Remnant in Optical | 0.

apod=# select title, coalesce(rank cd(fts,q,1),2) as rank
from apod, to_tsquery('supernovae’') q

where fts @@ g and id=1162717;

new
document

title | rank Old rank
New Shocks For Supernova 1987A | 0.533312




FTS tips — strip tsvector

%

= ECnn He Hy>kHa peneBaHTHOCTb, TO
NO3MLUMOHHAsA MHMOPMaUNA HE HY>KHa —
MO>XHO MMETb UHAEKC CUTbHO MeHbLLE |

postgres=# select to_tsvector('wl w3 wl w3');
to_tsvector

'wl':1,3 'w3':2,4
(1 row)

Time: 0.268 ms
postgres=# select strip(to_tsvector('wl w3 wl w3'));
strip



Fast approximated statistics

%

= Gevel extension — GiST/GIN indexes explorer
(http://www.sai.msu.su/~megera/wiki/Gevel)

= Fast — uses only GIN index (no table access)

= Approximated — no table access, which
contains visibility information, approx. for long
posting lists

= For mostly read-only data error is small




Fast approximated statistics

= Top-5 most frequent words (463,873 docs)

=# SELECT * FROM gin stat('gin idx') as t(word text, ndoc int)
order by ndoc desc limit 5;

word | ndoc
________ +________
page | 340858

figur | 240366

use | 148022

model | 134442

result | 129010
(5 rows)

Time: 520.714 ms



Fast approximated statistics

= gin_stat() vs ts_stat()

=# select * into stat from ts stat('select fts from papers')
desc, nentry desc,word;

order by ndoc

...wait.... 68704,182 ms

=# SELECT a.word, b.ndoc as exact, a.estimation as estimation,

round ( (a.estimation-b.ndoc)*100.0/a.estimation,2)|]|'%"'" as error
FROM (SELECT * FROM gin stat('gin x idx') as t(word text, estimation int)
order by estimation desc limit 5 ) as a, stat b
WHERE a.word = b.word;
word | exact | estimation | error
———————— i it
page | 340430 | 340858 | 0.13%
figur | 240104 | 240366 | 0.11%
use | 147132 | 148022 | 0.60%
model | 133444 | 134442 | 0.74%
result | 128977 | 129010 | 0.03%
(5 rows)
Time: 550.562 ms



ACID overhead is really big :(

%

= Foreign solutions: Sphinx, Solr, Lucene....
* Crawl database and index (time lag)
= No access to attributes
= Additional complexity
= BUT: Very fast'!

Can we improve native FTS ?



Can we improve native FTS ?

676 Wikipedia articles:

postgres=# explain analyze
SELECT docid, ts_rank(text vector, to_tsquery(‘english’, 'title')) AS rank
FROM ti2

WHERE text vector @@ to_tsquery('english’, 'title')
ORDER BY rank DESC
LIMIT 3;

HEAP IS SLOW
400 ms !

Limit (cost=8087.40..8087.41 rows=3 width=282)
-> Sort (cost=8087.40..8206.63 rows=476
(actual time=433.749..433.749 rows=3 loop
Sort Key: (ts rank(text vecto
Sort Method: top-N heapsor emory: 25kB
-> Bitmap Heap Scan on %12 (cost=529.61..7470.99 rows=47692 width=282)
(actual time=15.094..423.452 rows=47855 loops=1)
Recheck Cond: (text vector @@ '''titl'''::tsquery)
-> Bitmap Index Scan on ti2 index (cost=0.00..517.69 rows=47692 width=0)
(actual time=13.736..13.736 rows=47855 loops=1)
Index Cond: (text vector @@ '''titl'''::tsquery)
Total runtime: 433.787 ms

.752 rows=3 loops=

Yrtitl' ' itsquery))



Can we improve native FTS ?

676 Wikipedia articles:

postgres=# explain analyze

SELECT docid, ts_rank(text vector, to_tsquery(‘english’, 'title')) AS rank
FROM ti2

WHERE text vector @@ to_tsquery('english’, 'title')

ORDER BY text_vector>< plainto_tsquery('english’,'title')

LIMIT 3;

What if we have this plan ?

Limit (cost=20.00..21.65 rows=3 width=282) (actual time=18.376..18.427 rows=3 loops=1)
-> Index Scan using ti2 index on ti2 (cost=20.00..26256.30 rows=47692 width=282)
(actual time=18.375..18.425 rows=3 loops=1)
Index Cond: (text vector @@ '''titl'''::tsquery)
Order By: (text vector >< '''titl'''::tsquery)

Total runtime: 18-511 MmS vs 433-787 ms
We'll be FINE !



FTS tips — OuenaTtku (pg_trgm)

=# select show trgm('supyrnova');
show_trgm

{" s"," su",nov,ova,pyr,rno,sup,upy,va ",yrn}
=# select * into apod words from ts stat('select fts from apod') order by ndoc desc,
nentry desc,word;

=# \d apod words
Table "public.apod words"

Colum”lTypelMOdlflers cobupaeM cTaTUCTUKY MO C/IOBaM
word | text |
ndoc | integer |
nentry | integer |

=# Ccreate index trgm idx on apod words using gist(word gist trgm ops);

=# select word, similarity(word, 'supyrnova') AS sml
from apod words where word % 'supyrnova' order by sml desc, word;

supernova | 0.538462



GIN Improvements

= Store additional information (compression)
(positions for FTS, array length for arrays...)

MO>XHO BbIYUCNSATb peneBaHTHOCTb B MHAEKCE
= QOutput ordered results from index
(no heap scan!)

= Optimize execution of (rare & frequent) query
6b1110:
T(freq & rare)=T(rare & freq) ~ T(freq)

CTano:
T(freq & rare)>>T(rare & freq) ~ T(rare)



§ik 6.7 min classifieds
Without With patch Wi ith patch
patch functional
index
Table size 6.0 GB 6.0 GB 2.87 GB -
Index size 1.29 GB 1.27 GB 1.27 GB 1.12 GB
Index build time 216 sec 303 sec 718sec 180 sec*
Queries in 8 3,0 min. 42.7 min. 42.7 min. 32.0 min.

hours



20 mln descriptions

Without With patch With patch

patch functional
index
Table size 18.2 GB 18.2 GB 11.9GB -
Index size 2.28 GB 2.30GB 2.30GB 3.09 GB
Index build time 258 sec 684 sec 1712 sec 481 sec*
Queriesin 8 2.67 min. 38.7 min. 38.7 min. 26.7 min.

hours



B

]

= 3anpocbl ‘A & B'::tsquery n 'B & A'::tsquery
NAanyT OANHAKOBLIW pe3y/bTaT

= lHOrga xo4yeTcd nckaTtb C Y4eTOM nopsaaka —
NOUCK (dpa3bl

= HoBbin onepaTtop $ (A $ B): word 'A' followed by 'B'
- A & B (the same priority)

- exists at least one pair of positions P, P, , so
that 0 < PB — PA < 1 (distance condition)
As$[n]B: 0=P —-P, =n

A$B=BS$A

Phrase Search




Phrase search - transformation

W

# select '( A | B)$ (D | C)'::tsquery;

tsquery
A*$ 'D" | 'B"$ 'D" | A" $ 'C" | 'B" $ 'C
# select 'A$ (B& (C | ' D) )'::tsquery;
tsquery



Phrase search - example

'PostgreSQL can be extended by the user in many ways' ->

# SELECT phraseto _tsquery('PostgreSQL can be extended
by the user in many ways');
phraseto tsquery

‘postgresqgl’ $[3] ( 'extend' $[3] ( ‘'user' $[2] ( 'mani' $ 'way' ) ) )

Can be written by hand:
‘postgresgl’ $[3] extend $[6] user $[8] mani $[9] way

Difficult to modity, use phraseto tsquery() function !



Cnacmnbo 3a BHMMaHue |
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