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FTS features

= Full integration with PostgreSQL
= 16 built-in configurations for 15 languages
= Support of user-defined FTS configurations

= Pluggable dictionaries (ispell, snowball,
thesaurus ) and parsers

= Full multibyte support (UTF-8)
= Relevance ranking

= Two types of indexes — GIiST and GIN, both
supports concurrency and recovery

= Rich query language with query rewriting support



FTS in PostgreSQL

=# select 'a fat cat sat on a mat and ate a fat rat'::tsvector

@@

‘cat & rat':: tsquery;

— tsvector — storage for document, optimized for search
* sorted array of lexemes
* positional information
* weights information
* tsquery — textual data type for query
* Boolean operators - & | ! ()
— FTS operator
tsvector @@ tsquery



What is a Document ?

= Any textual attributes or their combination
= Should have unique id

= Textual result of any SQL command
= Can be virtual entity

id -— |
id
O Titee .| Did .
------ ==== Author
O Abstract Ad | | | e It
() Keywords e
() Body 5 Title || Abstract || Keywords || Body || Author




[ paMmmaTuKa (BNF)

 <lexeme> ::=
<alphanumeric>{ <alphanumeric> }
| "'"<character>{ <character> }""'"

= <character> ::=

<alphanumeric>
\" " /* single quote */
nrnowrm/*x gingle quote */
<non-alphanumeric>

= <number> ::= <digit>{ <digit> }
= <weight> ::= A|B|C|D




[ paMMaTUKa - tsvector

<tsvector> ::=

<entry>{ <space> <entry> }

| /* empty */
<entry> ::=

<lexeme>[ ":" <positions> ]
<positions> ::=

<position>{ "," <position> }
<position>:

<number>[ <weight> ]



[ paMMaTUKa - tsquery

= <tsquery> ::=

<expression>

| /* empty */
= <expression> ::=

<expression> "&" <expression>
<expression> "|" <expression>
"1" <expression>
"(" <expression> ")"
<lexeme>[:<modifiers>]

s <modifiers> ::=
II*II

| <weight>{ <weight> }[ "*" ]




Examples

= tsvector

'star':1B,3A,15,26B,32B,44 'supernovae':2A,25B,31B
'star':1B,3A,15,26B,32B,44 'supernovae':25B,31B

= fsquery

'supernovae':A & 'star':A* (match 1* tsvector)



Functions

= text -> tsvector
" to_tsvector([conf], text)
= text -> tsquery
= to_tsquery([conf],text)
= plainto_tsquery([conf],text)

= Configuration (conf) defines rules for
document->text (parser, dict<->word map)

= word -> lexeme
= ts_lexize(dict,text)



text -> tsquery

= 'iuykeH & ObIBA'::tsquery
HWKaKoro npeobpa3oBaHus as is

= BxoaHOW SA3bIK 3arpocoB
to_tsquery('6onbwyto & Jlonaty') =>
'bonbas & nonara'
NPUMEHUTNCb CNOBapU

= EcTecTBEHHbIU A3bIK
plainto_tsquery('6onblyto Jlonaty') =>
'6onblian & nonarta’
NPUMEHUNNUCb C0Bapu K onepauus &



doc->tsvector

DOCUMENT

FTS Configuration
~ » PARSER ir////////i;7

i (token, token_type)

dicts(token_type) >
NO

1=0 B YES

ask DICTIi] _ . J
B o i<N >
NO NO
# YES

IS STOP ? —» | tsvector
YES NO u



QUERY H QPARSER '
Supernovae & star

text->tsquery

QUERYTREE |
Foreach leaf node -
» PARSER
# (token, token_type)
dicts (token_type) >
' YES NO
=0 _ YES
R T
vy YES NO NO
IS STOP ?—> QUERYTREE
YE NO |
> TSQUERY

{supernova,sn}

star




Dictionaries

= Dictionary — is a program, which accepts token and
returns

= an array of lexemes, if it is known and not a stop-word
= void array, if it is a stop-word
= NULL, if it's unknown
= API for developing specialized dictionaries
= Built-in dictionary-templates :
= ispell ( works with ispell, myspell, hunspell dicts )
= snowball stemmer
= synonym, thesaurus
= simple



Dictionaries:examples

= Intdict
= '123456789' -> '123456'

" Roman

= 'XIX' -> 19
= Colours

= 'FFFFFF' -> 'white'
= Regexp

= H(\s|-)?(alpha|betalgamma) h$2 — spectral
lines



NHTepdenc cnoBapen

= yvoid* 1init(List *options)
NHununanmnsauus

= TSLexeme* lexize(void *dict, char
*lexeme, 1nt32 lexeme len,
DictSubState *state)

Mopdonorusauusd. lNapametp state —
OMNUMOHANbHbIW, ANSA COXHbIX CIOBapeN
(Te3aypyc). BoszspaTt NULL — cnoBso He
N3BECTHO.



TSLexeme

= typedef struct {
uintlé nvariant;
uintle flags;
char lexeme; /* C-string */
} TSLexeme;

= |exize() BO3Bpalll@eT MaccuB CTPYKTYP,
nocneaHaa cTtpyktypa coaep>xmt NULL-
cTpouky (TSLexeme->lexeme). [ycTou
MacCuB - CTOM-C/10BO.



Pyccknn Ispell

" Tywn' => TywuTtb | Tywa | Tyw | Tyws'
= nvariant | lexeme

1 TYWNTb
2 Tywa

3 Tyl

al TYlb

= [IpocToe nepeyncneHne — HoMmep
BapuaHTa (TSLexeme->nvariant),
coeanHeHue BapuaHTos no VI



Agglutinative languages
(HOPBEXCKUN, Fr€PMAHCKUN...)

= CoeanHeHue cnos 6e3 npobena
= Footbalklubber — dyT60nbHBIN Cyabs

= Klubber on footbalfield — cyabst Ha
¢pyT60NBbHOM NONe

= [To nepBOMY C/TIOBY HAAO HAUTU AOKYMEHT
CO BTOpou dpa3oun. HyxxHa pa3bmBKa
CNOBa Ha COCTaBHblE YaCTu U
COOTBETCTBYOLLIEE NOCTPOEHME 3anpoca




Hopeexxcknu Ispell
NPOCTON BapUaHT

= 'foobar' => 'foo & bar’
= nvarlant lexeme

= HoMmep BapuaHTa — NOCTOSAHEH, CJTI0Ba C
OIHNM HOMepOoM obbeanHsTCS no WU.
Bce cnoBa BapuaHTa AO/MKHbI
coaepXaTbCa B JOKYMEHTE.



Hopsexxckum Ispell

= 'footbalklubber' =>
' ( football & klubber ) | ( foot & ball & clubber )

= nvariant | lexeme
_________ F e e e e - - - -

1 football

1 klubber

2 foot

2 ball

2 klubber

= [logMHOXKEeCTBa C Pa3HBIMU HOMEPaMU COEOUHAITCA
o MJIN, cioBa ¢ ogHUM HOMepoM — 1o U




dnaru

= TSLexeme->flags

= TSL_ADDPOS
MIHKpeMeHT no3uummn cnosa (Te3aypyc)

= TSL_PREFIX
[pedunkcHbI nounck (8.4, noka Takue
C/10Bapu HEMU3BECTHbI)




Motivation for Algebra



Motivation for Algebra

= Existing operators defined at document
level

AORB

A AND B

A NOTB



Motivation for Algebra

= Phrase Search requires operation at
lexeme level — operator BEFORE ($)

= Different semantics - A AND NOT B

= Phrase search:
«A $ X» (X is anything, except B)

= Phrase can be very complex

= Even simplest phrase can be transformed to
complex expression.

to _tsquery('nb’, 'telefonsvarer') =>
'telefonsvarer' | 'telefon' & 'svar



Motivation for Algebra

= Phrase can be constructed
programmatically, or manually
( SMTH::tsquery)

«A $(B$ I(C$ID))»

= We need well-defined algebra for
operations: & | ! $

= Backward compatibility !




Motivation for Algebra

P We consider generalized phrase
a$[n]b

= Operator BEFORE ($n) guarantee
» order of operands — a BEFORE b

= Distance between operands,
default is 1

ad[n]b==a&b & (3 ij: pos(b)— pos(a) =n)



Query: «black» $ («hole» | «<nebulae») ==>
«black» $ «hole» | «black» $ «nebulae»

| N |
«black» «hole» «black» «nebulae»
v N |

3 pos(«hole»)-pos(«black»)=1 3 pos(«hole»)-pos(«nebulae»)=1




Example

Query: «close» $ «galaxies»

After dictionary: «close» $ («m33» |
(«andromeda» $ «nebulae» | («magellanic» & «cloudsy))

Phrase: «close» $ «m33» |
( «close» $ (kandromeda» $ «nebulae» )) |
( «magellanic» & «clouds» &
( «close» $ «magellanic» | «close» $ «cloudsy)

)



«close»

«m33»

Z

~

«close»

Z-

v

L

=\

«nebulae»

«andromeda»

«magellanic»

«cymds»

/

L N\
«close» «magell%ic»
Y Y
«close» «clouds»




Phrase Search

= Possible extensions
" #[n] — soft $[n], order doesn't important

" a<$[n] b — at most n words between
operands

" a $[n]> b — at least n words between
operands

= And so on ...
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