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Agenda

® Full text search in PostgreSQL database

FTS types and operators

Parser, Dictionaries, Configurations (Testing and Debugging)
FTS + Timestamp

Controlling Text search — Highlighting, Ranking

JSON[Db] data in PostgreSQL

FTS index (RUM), Prefix Search, Phrase Search, Faceted Search

Additional Features- Query rewriting, Document Statistics

®* Nepali Support for FTS in PostgreSQL

Devanagari Script Support
Nepali Stop word dictionary
Nepali Snowball dictionary

Nepali Hunspell dictionary 2
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What is Full Text Search(FTS) ?

- Find documents, which match a query

- If tsvector (document) matches a tsquery (query)

- Sort them by relevance
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Why FTS?

- Provides linguistic support

- Processes document only once while insertion,
so there is no search overhead

- Provides Index support, which allows faster

searching and ranking
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- Many external search engines exist but:

Why FTS in Database?

Can't index all documents

Don’t provide access to attributes
Maintenance overhead
Additional overhead to certify
Don’t have instant search

Don’t provide consistency

M

Nepali NLP Group
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FTS In Database

- FTS requires:
- Full integration with database engine, so
It should support:
- Transactions, concurrent  access,
recovery, online index
- Configurability
- Scalability
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Full Text Search

tsvector @@ tsquery TS Functions

/ I \ __, to tsvector,ts lexize

processed document  operator  processed query

| J > to_tsquery, plainto_tsquery, phraseto_tsquery
Index Scan _, ts debug, ts stat
l J l — ts_rewrite, ts_headline
ts rank, ts rank cd, setweight
GiST GIN RUM = L8 g
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Full Text Search

Document tsvector

Parser HDictionary\ T
’[ tokens ) normalized lexemes

Query tsquery

|_.[ Parser HDictionary\ T
QL tokens ) normalized lexemes
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Full Text Search

to_tsvector Stop-
Syntax: to_tsvector (ftscfg regconfig, document text) returns tsvector word

postgres=# select to_tsvector('fieat aregam g @fak IgaT aers A T gleqda M1');
to_tsvector

'eger':2 'Ig' 5 w6 e 1 e’ 7 'fdd’ 4 "Beqde’
(1 row) w

tsvector with labels
Syntax: setweight(vector tsvector, weight “char”) returns tsvector

postgres=# select setweight(to_tsvector('foieeT aregern g aafdw '), A’
|| to_tsvector('IgaT Uehells HIT o gleqdal 1');

?column?

'Hegar :2A '9g':5 'Th' 6 "o 1A I T 'afaa 4A BieTder 9

(1 row)
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Full Text Search

to_tsquery
Syntax: to_tsquery (ftscfg regconfig, document text) returns tsquery

postgres=# select to_tsquery('ieel & areeml & g3 & (Uhels | HiT)');

to tsquery

'RofeeT & 'afegel’ & (‘T | 'HIT')

(1 row)

tsquery with labels
postgres=# select to_tsquery('fStea & a1ememTAB');

to_tsquery

'foTeetr & "aTeger:AB
(1 row)

tsquery for prefix search
postgres=tf select to_tsquery('fiieeT & area:*);
to_tsquery

"foreeT & 'aem’:*
(1 row) 10
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FTS Basic Text Matching

postgres=# select to_tsvector('fifeet a1eueTI g8 fdd IgaT Todlls HIT T gleqda ')
@@ to_tsquery('degsr & 33');

?column?

postgres=# select 'foreen 3regem g3 Afdd Iga1 Whelg M d gleque 1 ':tsvector
@@ 'yege & 3 tsquery;

?2column?

postgres=# show default text search config ;
default text search config
pg _catalog.nepali
(1 row)
11
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Why tsquery ?

* Write complex queries, for example:
3 TDPIREII or YEH dRTHTS

 Difficult to express in SQL

 tsquery (text search guery) provides compact

way
(SfTPTRI | (Y&H & ARTATST)) | (RIARTy

plainto_tsquery() for AND-ed query
Y& dRMHIS T’

12
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FTS Parser

« Splits document into tokens
« Determines type of each token

SQL commands

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

PSQL commands
\dF{,d,p,t}[+][PATTERN]

postgres=# \dFp
List of text sesarch parsers

Schema | Name | Description
____________ _|__________+_____________________
pg_catalog | default | default word parser

(1 row)

13
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postgres=# “dFp+

Text search parser

Method
Start parse
Get next token
End parse
Get headline
Get token types

Token types fTor parser

Token name
asciilhword
asciiword
blLank
email
entity
file
float
host
hword
hword asciipart
hword numpart
hword part
int
numhword
numword
protocol
sTloat
tag
uint
url
url path
version
word

({23 rows)

FTS Parser

Function

prsd _start
prsd _nexttoken
prsd _end

prsd _headline
prsd lextype

pg _catalog.default”

Description
finternal)
finternal)
finternal)
finternal)
finternal)

pa _catalog.default”

Description

Word, all ASCII
Space symbols
Email address
XML entity

Hyphenated word,

all ASCIT

File or path name

Decimal notation

Host

Hyphenated word,

all letters

Hyphenated word part, all ASCII
Hyphenated word part, letters and digits
Hyphenated word part, all letters

Signed integer

Hyphenated word,

letters and digits

Word, letters and digits

Protocol head

Scientific notation

XML tag

Unsigned integer

UJRL
URL path
version number

Word, all letters

M

Nepali NLP Group

14
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ts_token_type
Syntax: ts_token_type(parser_oid oid) return setofrecord

postgres=% select * from ts_token_type('default');
description

alias
asciiword
word
numword
email
url
host
sfloat
version
hword numpart
hword part
hword asciipart
blank
tag
protocol
numhword
asciihword
hword
url_path
file
float
int
uint
entity

FTS Parser

M

Nepali NLP Group

Word, all ASCIIT

Word, all letters

Word, letters and digits
Email address

URL

Host

Scientific notation
Version number
Hyphenated word part,
Hyphenated word part,
Hyphenated word part,
Space symbols

XML tag

Protocol head
Hyphenated word,
Hyphenated word,
Hyphenated word,
UEL path

File or path name
Decimal notation
Signed integer
Unsigned integer
XML, entity

letters and digits
all letters
all ASCII

letters and digits
all ASCII
all letters

15
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Parser Testing

ts_parse

« Parses the given document and return series of records, one for each
token produced by parsing

Ls parse(parser name text, document text,

OUT tokid integer, OUT token text) returns setof record
Ls parse(parser oid oid, document text,

OUT tokid integer, OUT token text) returns setof record

16
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Parser Testing

postgres=# SELECT * FROM ts_parse(‘default’, dl YRI&d dikepT 4= g1 ');

tokid token
4 integer text

2| =
12

2 | e
12

2 | TR
12

2| a4
12

2| &
12

Ww g - @™ Wk s W | =

—1
=

17
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FTS Dictionary

A program that accepts a token and returns:
« An array of lexemes, if the token is recognized
« Empty, if token is stop word

 NULL, if not recognized
Regular

Regular dictionaries

W Recognized

* Return token, if it's recognized J g

* Else, pass it to subsequent dictionaries

* Example: ispell, simple, synonym, Not recognized
snowball >

18
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FTS Dictionary
Filtering dictionaries Filtering
* Replace the recognized token W Changed
* Then, pass it to subsequent dictionaries J ]
« Can be placed anywhere, except the
end Not recognized
* Example: unaccent ]
.. : Phrase
Phrase dictionaries
Continue
* Similar to Regular dictionaries in terms v
of functionality W Phrase end
* Recognize phrases (more than on e J o
token)
* Hold control until the end of phrase
processing >

Not recognized 19

Example: thesaurus
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FTS Dictionary

SQL command

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

PSQL command

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

postgres=# \dFd+ nepali _stem
List of text search dictionaries

Schema | Name ] Template ] Init options ]
Description

pg catalog | nepali_stem | pg catalog.snowball | language = 'nepali', stopwords = 'nepali' |
snowball stemmer for nepali language

1 row
(1 row) 50
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postgres=# \drFd

pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
pg_catalog
public
public
public
public

(21 rows)

FTS Dictionary

List of text search dictionaries

danish_stem
dutch_stem
english_stem
finnish_stem
french_stem
german_stem
hungarian_stem
italian_stem
nepali_stem
norwegian_stem
portuguese_stem
romanian_stem
russian_stem
simple
spanish_stem
swedish_stem
turkish_stem
intdict
nepali_hunspell
simple_dict
unaccent

snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball
snowball

simple dictionary:

stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer
stemmer

for
for
for
for

Description

danish language
dutch language
english language
finnish language
french language
german language
hungarian language
italian language
nepali language
norwegian language
portuguese language
romanian language
russian language

snowball stemmer for spanish language
snowball stemmer for swedish language
snowball stemmer for turkish language
dictionary for integers

hunspell dictionary for nepali language

m

Nepali NLP Group

just lower case and check for stopword

21
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Nepall Stop Word

 $SHAREDIR/tsearch_data/nepali.Stop nepali.stop
« Contains 304 words

AT
* Frequent words in a corpus, that: ““""?

« Can include language-specific: e
* Determi Wﬁ

e e.rmln.ers

®* Conjunctions —
®* Postpositions ar=ger

e Also, it can include common words like: i

®* Names

®* Temporal words
22
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Why Remove the Stop Words?

Nepali NLP Group

 They normally don’t add any value to the
outcome of analysis

* SO, It IS not necessary to store them in an
Index

* Improves search performance

23



PGConf Nepal 2018 m
May 04- 05, 2018 Nepali NLP Group

FTS Dictionary : Stop Word

postgres=% CREATE TEXT SEARCH DICTICHARY simple dict
(TEMPLATE=simple, STCPWCERDS=nepali);

postgres=% select ts_lexize('simple_dict','ﬁﬁf};
ts_lexize

24
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Stemming Algorithm

Inflected Variant {: YIH|

Stemming

Root Word { I

25
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Why Is Stemming Important?

Stemming improves search performance by:
 Mapping all the inflected variants of a word to its
stem
* Reducing the size of tsvector representation of the
document

26
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With stemming the same word was found In
more number of documents!

With Stemming Without Stemming

postgres=# SELECT count(*) as ndoc postgres=# SELECT count(*) as ndoc
FROM news, to_tsquery('nepali','ﬁUIFT') g FROM news

WHERE fts @@ q; WHERE body @@
to_tsquery('nepali','ﬁtﬂﬁ’);
ndoc ndoc
17120 85406
(1 row) (1 row)

27
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Nepall Snowball Stemmer

« Based on Snowball Language by Martin Porter and
A New Stemmer for Nepali Language(2016) by
Ingroj Shrestha and Shreeya Singh Dhakal

« Snowball Stemmer for Nepali

stem UTS 8 nepali.c
t UTS 8 li.sbl '
Stem._ ~°_Nepal.s 4{ Compiler }—‘ stem UTS 8 nepali.h

28



PGConf Nepal 2018 m:[
May 04- 05, 2018

Nepali Snowball Stemmer

Nepali NLP Group

A New Stemmer for Nepali Language(2016)

https://ieeexplore.ieee.org/document/7749008/
* [terative rule-based stemming algorithm

 Strips inflectional suffixes from words

« Works in three parts

29
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FTS Dictionary : Snowball

CREATE TEXT SEARCH DICTICHARY pg_catalog.nepali_stem |
TEMPLATE = snowball,
language = nepali,
stopwords = nepali

) ;

postgres=# select ts_lexize('nepali_stem’', '3EHEESHT) ;
ts lexize

30
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Dictionary Testing

ts_lexize

ts lexize(dict regdictionary, token text) returns text []

postgres =# SELECT ts_lexize('nepali_stem','CI6I|Q$Ii|65$—|');

ts_lexize
A text]

1 {g=rferrTi}

31
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Adding Nepali snowball stemmer and stop word
dictionary:

 Reduced the size of document by approximately
48% ( Over a document of 285447 unique words)

 This In turn reduced the size of tsvector
representation of the document

* Hence, improving the search performance

32
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FTS Configuration

- Binds parser and dictionaries
- Specifies how the document should be
processed

- Maps a dictionaries pipeline for each token type

Document

Not recognized
Dictionary 1HDictionaw 2]—» %{Dictionary 1]7

Recognized Recognized

[ tsvector }7

33
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FTS Configuration

PSQL command
\dF{,d,p,t}[+][PATTERN]

postgres=% \dF

List of text search configurations

Schema | Hame | Description
____________ +______________ +____________________________________________
pg_catalog | danish | configuration for danish language
pg_catalog | dutch | configuration for dutch language
pg_catalog | english | configuration for english language
prg_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 | nepali | configuration for nepali language
pPg_catalog | norwegian | configuration for norwegian languages
pg_catalog | portugusse | configuration for portuguese language
pPg_catalog | romanian | configuration for romanian languagﬂ
pPg_catalog | russian | configuration for russian language
pg_catalog | simple | simple configuration
rg_catalog | spanish | configuration for spanish language
rg_catalog | swedish | configuration for swedish language
rg_catalog | turkish | configuration for turkish language
rublic | nepali_hunspell | hunspell configuration for nepali languages
(158 rows)

34
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FTS Configuration

postgres=% \dF+ nepali
Text search configuration "pg_catalog.nepali"
Farser: "pg catalog.default"

Token | Dictionaries

asciihword
asciiword

nepali_stem
nepali_stem

email simple
file simple
float simple
host simple
hword nepali_stem

hword_asciipart
hword numpart
hword_ part

nepali_stem

simple

nepali_stem

int simple
numhword simple
numword simple
sfloat simple
uint simple
url simple
url_ path simple
version simple
word nepali_stem

35
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SQL command

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

PARSER}

CREATE TEXT SEARCH CONFIGURATION pg_catalog.nepali (
PARSER = default

I

COMMENT ON TEXT SEARCH CONFIGURATION pg_catalog.nepali IS 'configuration for nepali language’;

ALTER TEXT SEARCH CONFIGURATION pg_catalog.nepali
ADD MAPPING FOR email,file,float,host,hword_numpart, int,
numhword, numword, sfloat,uint,url,url_path,version

WITH simple;

ALTER TEXT SEARCH CONFIGURATION pg_catalog.nepali
ADD MAPPING FOR asciihword,asciiword,
hword, hword_asciipart,hword_part,word
WITH nepali_stem;

postgres=# select to tsvector('nepali', 'ffee areaem g8 afad SgaT Udhels Wi d gledal 11') ;

to tsvector

g T e
(1 row) 36



PGConf Nepal 2018 m
May 04- 05, 2018 Nepali NLP Group

FTS Configuration Example

CREATE TEXT SEARCH CONFIGURATION pg_catalog.nepali_config (
PARSER = default

¥
COMMENT ON TEXT SEARCH CONFIGURATION pg_catalog.nepali_config IS 'new configuration for nepali language';

ALTER TEXT SEARCH CONFIGURATION pg_catalog.nepali_config
ADD MAPPING FOR email,file,float,host,hword_numpart,int,
numhword, numword, sfloat,uint,url,url_path,version
WITH simple;

ALTER TEXT SEARCH CONFIGURATION pg_catalog.nepali_config
ADD MAPPING FOR asciihword,asciiword,
hword, hword_asciipart,hword part,word
WITH nepali_hunspell,nepali_stem;

37
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FTS Configuration Example

Document

I nepali_hunspell } >[nepali_stem}

Stop word or Recognized

[ tsvector }

38
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Configuration Testing

ts_debug

« Provides information about each token produced by parser and
processed by the dictionaries

ts debug([ config regconfig, ] document text,
QUT alias text,
OUT description text,
OUT token text,
OUT dictionaries regdictionaryl],
OUT dictionary regdictionary,
OUT lIexemes text[])
returns setof record

postgres =# SELECT * FROM ts_debug('nepali','ﬁlc_vﬂ S{EETHI ?{5; fdd Jqal
Yie d glequal ();

Explicit use of configuration name is important!! 39
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Configuration Testing

alias description token dictionaries dictionary lexemes

A text text text regdictionary[] regdictionary text[]
1 wiord Word, all letters | fae {nepali_stem} nepali_stem nES
2 blank Space symbols | i1 [null] [rull]
3 wiord Word, all letters | oregsmm {nepali_stem} nepali_stem { oregat}
4 klank Space symbols | 13 [null [null]
5 word Word, all letters | g5 {nepali_stem} nepali_stem 11
3] klank Space symbols | 13 [null] [null]
7 word Word, all letters | ===/ {nepali_stem} nepali_stem = IED)
o] klank Space symbols | 13 [null [null]
5| wiord wWord, all letters | 3g=1 {nepali_stem} nepali_stem 3o}
10 | blank Space symbols | 11 [null] [rull]
11 wiord Word, all letters | gmos {nepali_stem} nepali_stem 1=}
12 | blank Space symbols | i1 [null] [null]
13 | word Word, all letters | ¥ {nepali_stem} nepali_stem Iire}
14 | bBlank Space symbols | 13 [null] [null]
15 | word Word, all letters | = {nepali_stem} nepali_stem I
16 | blank Space symbols | 13 [null] [null]
17 | word word, all letters | gl {nepali_stem} nepali_stem { BT}
18 | blank Space symbols | 11 [null] [rull]
19 | word Word, all letters | 1 {nepali_stem} nepali_stem I
20 | blank Space symbols | i1 [null] [rull]

M

Nepali NLP Group

40
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= Importance of Explicit use of
Configuration Name

to_tsquery(regconfig, text) - Immutable, evaluated by optimizer and cached

Nepali NLP Group

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,plainto_tsquery('ﬁfﬂﬁ
IHR')) AS rank FROM news WHERE fts @@ plainto_tsquery(RUTd TRHR')
ORDER BY fts <=> plainto_tsquery('nepali','ﬁUIF[ ARPR') LIMIT 10;

QUERY PLAN
Text

Limit {cost=4313.87..4316.55 rows=10 width=12) {actual time=20.658..20.837 rows=10 loops=1)

-> Result {cost=4313.87.4624 44 rows=1161 width=12) {actual time=20.657..20.832 rows=10 loops=1)

-> Sort (cost=4313.87..4316.77 rows=1161 width=436) {actual time=20.606..20.608 rows=10 loops=1)

Sort Methed: top-M heapsort Memory: 40kB

-> Bitmap Heap Scan on news {cost=37.25..4288.78 rows=1161 width=436) {actual time=4.863..19.272 rows=1961 loops=1)
Recheck Cond: {fts @@ plainto_fsque ry( == a<mr ' ttext))

Heap Blocks: exact=1688

-= Bitmap Index Scan on news_gin_index {cost=0.00..36.96 rows=1161 width=0) (actual time=4.454.,.4.454 rows=1961 loops=1)
Index Cond: {fts @@ plainto_tsqueny| <= T<wr ttext))
Flanning time: 0.361 ms

Executicn time: 20.899 ms a4l
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= Importance of Explicit use of
Configuration Name

to_tsquery(text) — stable and each tuple is evaluated

Nepali NLP Group

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,plainto_tsquery('ﬁtﬂa
MRPR')) AS rank FROM news WHERE fts @ @ plainto_tsquery('eltITa IRDPR')
ORDER BY fts <=> pIainto_tsquery('ﬁTITFI IRPRY) LIMIT 10;

QUERY PLAN
text

Limit {cost=4604.12..4609.30 rows=10 width=12) (actual time=31.047..31.207 rows=10 loops=1)

-> Result {cost=4604.12..5204.94 rows=1161 width=12) {actual time=31.045..31.202 rows=10 loops=1)

-> Sort {cost=4604.12..4607.02 rows=1161 width=436) (actual time=30.944..30.946 rows=10 loops=1)

Sort Key: {{fts <=> plainto_tsque ny{'=me Twar' text)))

Sort Method: top-M heapsort Memory: 40kB

-» Bitmap Heap Scan onnews {cost=37.25..4579.03 rows=1161 width=436) {actual time=3.890..29.675 rows=1961 loops=1)

Recheck Cond: {fts @@ plainto_tsquery('=are v itext))

Heap Blocks: exact=1688

-» Bitmap Index Scan on news_gin_index {cost=0.00..36.96 rows=1161 width=0) {actual time=3.523..3.523 rows=1961 loops=1)

Index Cond: (fts @@ plainto_tsqueny{ = me s3@r itext))

Planning time: 0.285 ms

Executicn time: 31.301 ms 42
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= Importance of Explicit use of ™
Configuration Name

* Function scan
* Query almost 2x slower!!

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,q) AS rank
FROM news, plainto_tsquery('nepali','ﬁtﬂﬁ PR g
WHERE fts @@ q ORDER BY fts <=> g LIMIT 10;

QUERY PLAN
Text

Limit {cost=2804.84..2804.86 rows=10 width=12) {actual time=47.279..47.291 rows=10 loops=1)

-> Sort (cost=2804.84.2806.79 rows=781 width=12) {actual time=47.278.47.279 rows=10 loops=1)

Sort key: {{news.fts <=> q.q))

Sort Method: top-M heapsort Memorny: 25kB

-= Mested Loop {cost=22.05..2787.96 rows=781 width=12) {actual time=4.094..46.593 rows=1961 loops=1]

-> Function Scanon g {cost=0.00..0.01 rows=1 width=32) {actual time=0.005..0.006 rows=1 loops=1)

-> Bitmap Heap 5can onnews {cost=22.05.2776.24 rows=781 width=432) {actual time=4.068..7.522 rows=1961 loops=1)

Recheck Cond: {fts @@ q.q)
Heap Blocks: exact=1688
-> Bitmap Index Scan on news_gin_index (cost=0.00.21.85 rows=781 width=0) {actual time=3.714..3.714 rows=1961 loops=1)

Index Cond: (fis @& q.q)

Flanning time: 0.179 ms A2

Execution time: 47.363 ms
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Nepalli News: FTS

Document
* Textual field within a row of database table
* Combination of fields from the same or different tables

(Join) — virtual document

import 1 fts
Document >[ Database J >

44
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Nepali News Example

postgres=# CREATE TABLE public.news
(
Id integer,
title text COLLATE pg_catalog."default”,
body text COLLATE pg_catalog.”default”,
date date

)
WITH(

OIDS = FALSE

)
TABLESPACE pg_default;

ALTER TABLE public.news
OWNER to postgres;

45
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Nepall News Example : Importing to
Database

postgres=# COPY news(id, title, body, date) FROM
Ipath/to/news.csv' DELIMITER ',' CSV HEADER,;

46
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Nepali News: FTS In Database

postgres=# SELECT d.* FROM news AS n, LATERAL ts_debug('nepali’, n.title) AS d;

postgres=# SELECT d.* FROM news AS n, LATERAL ts_debug('nepali’, n.title) AS d LIMIT 10;
alias | description | token |dictionaries |dictionary |lexemes

=t =+ 4= 4= =t

word | Word, all letters | 7die@l | {nepali_stem} | nepali_stem | {<dret}

blank | Space symbols | | {} | |
word | Word, all letters | @ | {nhepali_stem} | nepali_stem | {GRE)
blank | Space symbols | | {} | |
word | Word, all letters | §%3d | {nepali_stem} | nepali_stem | {;[=31)}
blank | Space symbols | +| {} | |

| | | |
word | Word, all letters | WA?@J | {nepali_stem} | nepali_stem | {Hwer}
blank | Space symbols | | {} | |
word | Word, all letters | Rifd@aat | {nepali_stem} | nepali_stem | {Rifdem}
blank | Space symbols | | {} | |
(10 rows)
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FTS Representation of Nepall News

fts: tsvector

postgres=# ALTER TABLE news ADD COLUMN fts tsvector;

postgres=# UPDATE news
set fts = setweight(coalesce(to tsvector('nepali' title),”),'B")
|| setweight(coalesce(to tsvector('nepali’,body),"),'D");
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Nepali News: Document Statistics

ts_stat
Syntax: ts_stat(sglquery text, [weights text,], OUT word text,

OUT ndoc text, OUT nentry integer) return setof record

Find five most frequent words in document collection

postgres =# SELECT * FROM {s stat('SELECT fts FROM news')
ORDER BY nentry DESC, ndoc DESC, word LIMIT 5;

word ndoc nentry

fext integer integer

T 117 450

) 350 315

e 93 309

Tl 82 292

&t o8 258 49
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Nepall News: Document Statistics

Find five most frequent words in document collection but
counting only word occurrence with weights A and B

postgres=# SELECT * FROM ts_stat('SELECT fts FROM news','ab’)
ORDER BY nentry DESC, ndoc DESC, word LIMIT 5;

word ndoc nentry

[ext integer integer

W 16 17

[ 15 15

et 14 14

Chl S 10

G 9 3 50
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Nepalli News: Ranking Search Results

ts_rank

®* Ranks vector on the basis of the frequency of their matching
lexemes

ts rank({[ weights float4[], ] vector tsvector, query tsgquery I,
normalization integer ]) returns float4

ts rank cd

® Calculates cover density rank for the given document vector
and query

ts rank cd([ weights float4[], ] vector tsvector, gquery tsquery I,
normalization integer ]) returns float4
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Nepalli News: Ranking Search Results

postgres =# SELECT body, ts_rank_cd(fts, to_tsquery('nepali','ﬁmﬂ')) AS rank
FROM news WHERE fts @@ to_tsquery('nepali','aquFP)
ORDER BY rank DESC LIMIT 5;

body rank
4| text real
1 | wroriifers Tiiemre et SHegel ITeE ... 7.2
2 |8 T TR ¥ O TR Be TEEETL.. 5.6
3| W QAT TR AR g 5 . 4.8
4 | Fromdt Fer Tt ST e w6, 4
S | IR TR DA w6 . 3.6

* ts_rank cd uses only local information
* O<rank/(rank+1)<1
* ts_rank cd ({0.1, 0.2, 0.4, 1.0}, fts, Q) 52
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Nepali News: Highlighting Results

ts _headline

®* Returns an excerpt from the document in which terms from
guery are highlighted

ts headline([ config regconfig, ] document text, query tsquery
[, options text ]) returns text
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Nepali News: Highlighting Results

postgres=# SELECT ts_headline (‘'nepali',body, to_tsquery('nepali','ﬁtﬂﬁ')
,StartSel=<, StopSel=>, MaxWords= 20, MinWords=10"), ts rank cd(fts,
to_tsquery('nepali','ﬁmﬁ') ) AS rank

FROM news WHERE fts @@ to_tsquery('nepali','ﬁtﬂﬁ')

ORDER BY rank DESC LIMIT 5;

ts_headline rank
A text real
1 | <¥aTer> TrgTHTTT ! ST T e qE! &7 | W <STmr Qs 7.2
2 | <A g e, ferET i sl <A T ueEe o 5.6
3 | <TqTeTeng > S Fafdem aere fRenhi 9 v YiFREEe | AiE <A 4.8
4 | <FgTer= qERTE S, ST w6 W), <Fes a7 e, < 1 4
5 | < T e AETHE T Ara et TR Aved, <FHTes T 3.6
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Nepall News: Query Rewriting

ts_rewrite

® Search a given tsquery for occurrences of a target subquery
®* Then, replace each occurrence with a substitute subquery

ts rewrite (query tsquery, target tsquery, substitute tsquery) re-
Curns tsquery

Ls rewrite (query tsquery, select text) returns tsquery
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Nepall News: Query Rewriting

postgres =# CREATE TABLE aliases (t tsquery primary key, s tsquery);

postgres =# INSERT INTO aliases VALUES (to_tsquery('nepali’,"dR&h1X"),
to_tsquery(‘nepali’,"dRPIR | KM | W'));

postgres =# SELECT ts_rewrite (to_tsquery('nepali','ﬁmﬂ & HXDRY),
'SELECT * FROM aliases’);

ts_rewrite
4 tsguery

1 e & (T | e | e )
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Nepall News: Query Rewriting

postgres=# INSERT INTO aliases VALUES (to_tsquery(‘nepali',R1s"),
to_tsquery(‘nepali’,"gIDh R | MY | URSE x| | ol | XY | ﬁtﬂﬂ'));

postgres=# SELECT id, body, coalesce(ts_rank cd(fts,
to_tsquery(‘'nepali',R1v'),1),2) AS rank

FROM news

WHERE fts @@ to_tsquery(‘nepali',RIsd") and id = 145102
ORDER BY rank DESC;

id body rank
integer text real
145102 | wraifore nfesiy Hara- Jeydet JTens HXde HHgAT 997 ! Hidur SHEie=ed! g1, 0.173443
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Nepali News: Query Rewriting

postgres=# SELECT body, coalesce(ts_rank_cd(fts,
ts_rewrite(to_tsquery('nepali’,RTsd"), 'SELECT * FROM aliases'),1),2) AS
rank

FROM news WHERE fts @@ ts_rewrite(to_tsquery(‘nepali’,R1'), 'SELECT
* FROM aliases')

ORDER BY rank DESC LIMIT 5;

id body rank

integer | text real
145102 | Traiferes TN GaTa- SEyaet Tave et HHgAl J91 T HqHT ST Qredaa | S e S ., 1.90787
117003 | o, pra Spegamret o=t e T Fmi ;3907 ST o T v A S T e 1.13905
117704 | ' | WONTR ¥ a1 TRETT AU WA 92T, TS AU o e OeT, W aTel, S (TO), . 1.15335
B1596 | e =fifer ot wmm Segem difert’ ot wod! © | SaTed! TR Giferdt WeH T R 98 ST HE.. 1.08428
81597 | FHGA WRRNREwE! aIC AOUEE B | WA HUA Rt T o A, ene e .. 1.04453
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Nepali News: Prefix Search

postgres=# SELECT body FROM news WHERE fts @@
to_tsquery(UTd:*) LIMIT 5:

* Matches all documents, which contains words with prefix S|

« “® signifies prefix match

. to_tsquery(‘ﬁtﬂffr:bd*’) matches prefix on title(weight ‘b’) and
body(weight ‘d’)

» Useful when stemmer is not available

body
4 text

TiTtER! SR ATTeMT ST g AThTaTeg e A B |
TP T TR ST T Are P ) ¥ it R O g W e e Y e i o ware i et areihy ¥ e |

1
2
3 | Terre qR TR AT TR T o g 4 ol B |
4
3

TE IR FEETES A ST 3095 Wit Y T SITerE = 2T g R frite S e T |
HTAT AT ATEeaw STaH F=TTe] o8 o fir |
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FTS of JSON|b] Data in PostgreSQL

JSONB
« Sorted key
* No duplicate keys (if duplicate last key Is stored)
* Binary storage
« does not require parsing
 Index support
« Example: {"a"1,"b"{"c":2,"d":3},"e":[{"":4,"g":5}.{"f":6,"g": 7}]}
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FTS of JSON|b] Data in PostgreSQL

postgres=# SELECT to_tsvector('nepali',jb)
FROM (VALUES ('

{
"title": " TaTcll SATHRUT",

"publisher” %Eﬁgﬁﬂﬂtﬁﬁﬁﬂqﬂ

"writer":"URTS Jgcal”

}
";jsonb)) AS foo(jb)

to_tsvector
tsvector

e I e ) ) S B . 1 4 g B | i A 3 e o L -l B
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JSON|[b] Data: Phrase Search
postgres=# phraseto_tsquery('nepali','ﬁtﬂFﬁ fcolumn?
UPIR") @@ to_tsvector('nepali',jb) FROM boolean
%VALUES (' Faloa
“title"; YUTell ST,
"publisher":"‘ﬂélQ?lUl UDIR",
"writer":"TJUIRTS ﬂ's’?fﬁ
}
";jsonb)) AS foo(jb)

postgres=# SELECT

phraseto_tsquery('nepali','ﬁtITFﬁ PR @@ Egi::;';"?
to_tsvector(‘nepali',jo) FROM (VALUES ('

{ True
“title": UTell ST,

"publisher":"YSIQRTUT YHTRM",

"writer": T[URTS g al”

}

':isonb)) AS foo(jb
] ) (jb) 62
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Faceted Search

« Results are organized according to category

* For each category
« Obtain total number of matching documents
* Obtain top N matching documents

Example

Implementing faceted search over Nepali News using windows
functions and CTE

M

Nepali NLP Group
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Faceted Search SQL Query

/*
* Select all matching news, calculate rank within
list and total count
* within list using window functions.
*/
WITH res AS (
SELECT id, body, date,
RANK() OVER (
PARTITION BY date
ORDER BY
ts_rank_cd(fts, plainto_tsquery('nepali','ﬁfﬂﬁ
dRPRY)), id
) rank,
COUNT(*) OVER (PARTITION BY date) cnt
FROM news
WHERE fts @@ plainto_tsquery('nepali','elqm
RPR)
),

[* Aggregate news and count per list into json. */
Ist AS (
SELECT
date,
jsonb_build_object(
‘count’, cnt,
'results’, jsonb_agg(
jsonb_build_object(
'id', id,
'‘body’, body
))) AS data
FROM res
WHERE rank <=2
GROUP by date, cnt

)
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JSON document with total count of matching query on news and

Nepali NLP Group

{ TOP 2 relevant news for each list
"2018-01-10": {
"count": 841,
“results": [
{
"body"; "3HTSTHT Td 99 TS gad o uTel feR IHMfe ... "d": 69814
3
{
"body": "UTEl YAD! STdTeh! Uk X Gfaxda! FfLT T1ed gig= e §gues | ... "id": 72652
}
]
3
"2017-05-02": {
"count": 840,
“results": [
{
"body": "SaRI—g[ 3031, ERHMASYBR TUT HHISTD ATThT...","id": 156031
3
{
"body": " BTH gH B foh 8T favd faera™ T ureet....", "id": 128075
1
}

} 65
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Faceted Search SQL Query Plan

postgres=# CREATE INDEX news_index ON news USING GIN(fts)

EXPLAIN AMNALYSE
WITH res AS
SELECT 1Hd, body, date,
RANK ()} OVER (
PARTITION BY date
ORDER BY t=_rank_cd(fts,

¥} rank,
COUNT (*) OVER (PARTITION BY date} cnt

plainto_tsquery('nepali', "7 O W=R&R')), +4d

FROM news
WHERE fts @2 plainto_tsquery('nepali', 'O I=EHER")

Y,
st AS (
SELECT
date,
jsonb_build_object(
'count', cnt,
'results"', jsonb_agg(
jsonb_build_object(
H4d', -d,
'body "', body
}}) AS data
FROM res
WHERE rank <= 2
GROUP by date, cnt

}
data} 66

SELECT jsonb_object_agg(date,
FROM 1st;
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Faceted Search SQL Query Plan

QUERY PLAN
text

| Appregate (cost=4143.51.4143.52 rows=1 width=32) {actual time=75.756.75.757 rows=1 |oops=1]
CTE msg
| -= WindowAgg {cost=4057.38..4106.73 rows=1161 width=426) (actual time=66.798..72 460 rows=1961 loops=1]
-= WindowAgg {cost=4057.38.4086.41 rows=1161 width=418) (actual time=64.275..69.194 rows=1961 loops=1)

| -= Sort {cost=4057.38..4060.20 rows=1161 width=410) {actual time=64.263..64.674 rows=1961 |oops=1)

Sort Key: news.date, {ts_rank_cd{news.fts, "'“omer & e itsquery)], news.id

| Sort Method: quicksort Memory: 1874kB

-= Bitmap Heap 5can on news {cost=37.00..3998.28 rows=1161 width=410) {actual time=4.983..60.366 rows=1961 loops=1)

| Recheck Cond: {fts @& "'Fra" & "wwem " itsquery)

Heap Blocks: exact=1688

| -> Bitmap Index Scan on news_index {cost=0.00..36.71 rows=1161 width=0) {actual time=4.404..4.404 rows=1961 loops=1)

Index Cond: (fts @@ "'sram"' & "wwer' ' itsquery)

| CTE Ist

-> HashAggregate {cost=29.99..32.71 rows=181 width=44) {actual time=75.324..75.367 rows=3 loops=1)

| Group Key: msg.date, msg.cnt

-= CTE Scanonmsg {cost=0.00..26.12 rows=387 width=48]) {actual time=66.803..74.527 rows=6 loops=1)

| Filter: {rank <= 2)

Rows Removed by Filter: 1955

| - CTE Scanon st {cost=0.00..3.62 rows=181 width=36) (actual time=75.382..75.457 rows=3 loops=1)

Planning time: 0.759 ms

| Execution time: 76.064 ms

(©))
~
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FTS without Indexing

postgres=# EXPLAIN ANALYSE

SELECT body, ts_rank(fts, plainto_tsquery('nepali’, T DB )) AS rank
FROM news WHERE fts @@ plainto_tsquery('nepali','ﬁw RPR)
ORDER BY rank DESC LIMIT 10;

QUERY PLAN
text

Limit (cost=36389.38..36389.40 rows=10 width=402) (actual time=247.852..247.855 rows=10 loops=1)

-> Sort (cost=36389.38..36392.28 rows=1161 width=402) (actual time=247.851..247.852 rows=10 loops=1)

Sort Key: (ts_rank(fts, "I & "IN " tsquery)) DESC

Sort Method: top-N heapsort Memory: 41kB

-> Seq Scan on news (cost=0.00..36364.29 rows=1161 width=402) (actual time=1.534..246.473 rows=1961 loops=1)

Filter: (fts @@ "Il & "TRHR""::tsquery)

Rows Removed by Filter: 154150

Planning time: 0.270 ms

Execution time: 247.881 ms

68




PGConf Nepal 2018 m
May 04- 05, 2018 Nepali NLP Group

FTS: Order by Timestamp

postgres=# EXPLAIN ANALYSE

SELECT sent, body FROm news

WHERE fts @@ to_tsquery(‘nepali’, 'ﬁtﬂﬂ')

ORDER BY (sent - '2017-04-04"::timestamp) ASC LIMIT 5;

QUERY PLAN
text

Limit (cost=36684.76..36684.77 rows=5 width=422) (actual time=369.648..369.650 rows=>5 loops=1)

-> Sort (cost=36684.76..36727.07 rows=16922 width=422) (actual time=369.646..369.647 rows=5 loops=1)

Sort Key: {{sent - '2017-04-04 00:00:00"::timestamp without time zone}))

Sort Method: top-N heapsort Memory: 26kB
-> Seq Scan on news (cost=0.00..36403.69 rows=16922 width=422) (actual time=0.189..355.226 rows=17120 loops=1)

Rows Removed by Filter: 138991

Planning time: 0.320 ms

Execution time: 369.690 ms
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However, FTS alone iIs slow!!
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Indexes

Lookup table

Speeds up data retrieval

Produces the same results as sequence scan
with filtering but faster!

Indexes can be:

« partial (where price > 0.0)

« functional (to_tsvector(text))

« multicolumn (timestamp, tsvector)
However, don’t over-index!

- Low selectivity
- Maintenance overhead
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Indexes

M

GIN

RUM

Perform ranking from heap

Perform ranking from index

Slower ranking

Faster ranking

Considerable overhead of phrase
operator

Use position in addinfo, almost no
overhead of phrase operator

Slower ordering by timestamp

Faster ordering by timestamp

Faster build and insert time

Slower build and insert time

(4
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FTS : Indexing using GIN

postgres=# CREATE INDEX news_index ON news USING gin(fts)

postgres=# EXPLAIN ANALYSE

SELECT body, ts_rank(fts, plainto_tsquery(‘nepali’, U IWHR' ))
AS rank

FROM news WHERE fts @@ plainto_tsquery('nepali','ﬁtﬂﬁ
XD

ORDER BY rank DESC LIMIT 10;

/3
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Indexing using GIN

QUERY PLAN
text

Limit {cost=4023.37..4023.40 rows=10 width=402) (actual time=35.610..35.614 rows=10 loops=1)

-> Sort (cost=4023.37..4026.27 rows=1161 width=402) (actual time=35.608..35.610 rows=10 loops=1)

Sort Key: (ts_rank(fts, "I & "I tsquery)) DESC

Sort Method: top-N heapsort Memory: 41kB

-> Bitmap Heap Scan on news (cost=37.00..3998.28 rows=1161 width=402) (actual time=4.088..34.432 rows=1961 loops=1)

Recheck Cond: (fts @@ "UIel" & "WR@R"":tsquery)

Heap Blocks: exact=1688

-> Bitmap Index Scan on news_index (cost=0.00..36.71 rows=1161 width=0) (actual time=3.699..3.699 rows=1961 loops=1)

Index Cond: (fts @@ "Il & "TRHR'"::tsquery)

Planning time: 104.088 ms

Execution time: 35.663 ms
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FTS : Indexing using RUM

« Use positions to for ranking and ordering result.
* Introduce distance operator <=> tsquery

postgres=# CREATE INDEX news_rum_fts_idx ON news
USING rum(fts rum_tsvector ops)

postgres=# EXPLAIN ANALYSE

SELECT body FROM news WHERE fts @ @
plainto_tsquery(‘nepall’, UTd AP R')

ORDER BY fts <=> plainto_tsquery(‘nepali’, qUTd PR
LIMIT 10;
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Indexing using RUM

QUERY PLAN
text

Limit (cost=24.00..63.60 rows=10 width=402) (actual time=8.665..8.712 rows=10 loops=1)

> Index Scan using news_rum_fts_idx on news (cost=24.00..4622.13 rows=1161 width=402) (actual time=8.663..8.708 rows=10 loops=1)

Index Cond: {fts @@ ""0f" & "SR tsquery)

Order By: (fts <=> " & "TRARtsquery)

Planning time: 0.395 ms

Execution time: 8,769 ms

/6
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FTS: Order by Timestamp using GIN

postgres=# CREATE INDEX news_index ON news USING gin(fts)

postgres=# EXPLAIN ANALYSE

SELECT sent, body FROm news

WHERE fts @@ to_tsquery(‘nepali’, 'ﬁTﬂFP)

ORDER BY (sent - '2017-04-04"::timestamp) ASC LIMIT 5;

QUERY PLAN
text

Limit (cost=29436.13..29436.14 rows=5 width=422) (actual time=53.658..53.660 rows=5 loops=1)

-> Sort (cost=29436.13..29478.44 rows=16922 width=422) (actual time=53.656..53.657 rows=5 loops=1)

Sort Key: {(sent -'2017-04-04 00:00:00"::timestamp without time zone})

Sort Method: top-N heapsort Memory: 26kB

-> Bitmap Heap Scan on news (cost=171.15..29155.06 rows=16922 width=422) (actual time=10.048..40.674 rows=17120 loops=1)

Heap Blocks: exact=9707

-» Bitmap Index Scan on news_index {cost=0.00..166.92 rows=16922 width=0) (actual time=6.965..6.965 rows=17120 loops=1}

Planning time: 0.321 ms

-~
~

Execution time: 53.718 ms
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FTS: Order by Timestamp using RUM

postgres=# CREATE INDEX news_rum_fts_idx ON news USING rum(fts
rum_tsvector_addon_ops,sent)
WITH (attach='sent', to="fts")

postgres=# EXPLAIN ANALYSE select * FROM news WHERE fts @@
to_tsquery('nepali','m’) order by date <=>'2017-04-04"::timestamp LIMIT 5

QUERY PLAN
text

Limit (cost=16.00..32.17 rows=5 width=850) (actual time=9.815..9.831 rows=>5 loops=1)
-> |ndex Scan using news_rum_fts_idx on news (cost=16.00..54756.75 rows=16922 width=850) (actual time=9.814..9.828 rows=5 loops=1)

Index Cond: (fts @@ "=uT "::tsquery)
Order By: (sent <=>"2017-04-04 00:00:00"::timestamp without time zone)
Planning time: 0.431 ms

Execution time: 9.884 ms
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Phrase Search

 'A & B'::tsquery = 'B & A:itsquery

* Phrase search preserves the order of words
In a query

* Followed by (<->) operator [Postgres 9.6+]

« ‘A <-> B':tsquery # ‘B <-> A'::tsquery

A<n>B: 0<PB-PA<n [n=distance]
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Phrase Search - Properties

'‘A <n> B <m> C' — ‘(A <n> B) <m>C' — matched
phrase length < max(n, m)

« 'A<n> (B <m> C') —» matched phrase length <n +m

« ‘A <0> B' matches the word with two different forms (
Infinitives )
* Note

« 'ACB'matched by ‘(A<2>B)<->C
* Order is preserved for any n, m
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Phrase Search

phraseto _tsquery
Syntax: phraseto_tsquery ([cfg],text)

¢postgres=# select phraseto_tsquery('nepali’,'=rerent A fd=T");
phraseto_tsquery
e <2> M

(1 row)

postgres=# SELECT phraseto tsquery(
'nepali’, WelSlel T Tes Wrigwmel - AT TNYedD! 3R 3! f2r1"):;

phraseto_tsquery
GRSl <-> 'O <-> TR <-> "qq <2> ][I’ <-> TRE' <-> IR’ <-> '3+

(1 row)
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Phrase Search Example

Id
integer

proverb
text

1 oM RTINS,

2 | e STeA 31T Cel

3 oI Meers it 7 g
4 greiient JRaAT R
SVﬁwaﬁaaFﬁnmgaﬁ

6 HEHAT XARM, AT BRI

postgres=# SELECT id,proverb from nepali_proverb
WHERE to_tsvector('nepali’,proverb) @@
to_tsquery('nepal’,'®BeT™ & TURSY);
id| proverb
———t

1 | A T IR,

(1 row)

postgres=# SELECT id,proverb from nepali_proverb
WHERE to_tsvector('nepali’,proverb) @@
to_tsquery('nepall’,/BeaM <-> FURST);

id | proverb

M

(O rows)
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Phrase Search Example

postgres=# SELECT id,proverb from nepali_proverb

Id prove rb WHERE to_tsvector('nepali’,proverb) @@
to_tsquery('nepali’,'8=il <-> H&');

integer text
id| proverb
1 B! TG TS e
4 | gitep! FRaT forT
2 A FRA S 2R o)
3 Pl TS AR 7 g
postgres=# SELECT id,proverb from nepali_proverb
4 gl AT =T WHERE to_tsvector('nepali',proverb) @@
— to_tsquery('nepali’, q@<-> gril);
5 B I id | proverb

6 HGHIFRM, TRAATBT (0 rows)
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Phrase Search without Indexing

postgres=# EXPLAIN ANALYSE SELECT id,body FROM news WHERE fts @@
to_tsquery('nepali’,0Td <-> IRHR');

QUERY PLAN
text

Seq Scan on news (cost=0.00..35841.39 rows=1164 width=404) (actual time=0.163..322.399 rows=757 loops=1)

Filter: (fts @@ "0l <-> "WNHR " tsquery)

Rows Removed by Filter: 155354

Flanning time: 0.317 ms

Execution time: 322.620 ms
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Phrase Search with GIN Indexing

postgres=# CREATE INDEX news_index ON news USING gin(fts)

postgres=# EXPLAIN ANALYSE SELECT id,body FROM news WHERE fts @@
to_tsquery('nepali','elmﬁ <-> IRDPhNRY);

QUERY PLAN
text

Bitmap Heap Scan on news (cost=37.02..4000.19 rows=1164 width=404) (actual time=4.875..20.109 rows=757 loops=1)
Recheck Cond: (fts @@ "'AUld" <-> "B tsquery)
Rows Removed by Index Recheck: 1204
Heap Blocks: exact=1671
-> Bitmap Index Scan on news_index (cost=0.00..36.73 rows=1164 width=0) (actual time=4.471..4.471 rows=1961 loops=1)
Index Cond: (fts @@ ""-4rT" <-> "IIPT " tsquery)
Planning time: 0.397 ms

Execution time: 20.242 ms
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Phrase Search with RUM Indexing

postgres=# CREATE INDEX news_rum_fts_idx ON news USING rum(fts)

postgres=# EXPLAIN ANALYSE SELECT id,body from news WHERE fts @@
to_tsquery('nepali','ﬁqlﬁ <-> HRDPhRY);

QUERY PLAN
text

Bitmap Heap 5can on news (cost=37.02..4000.19 rows=1164 width=404) (actual time=6.017..7.353 rows=757 loops=1)

Recheck Cond: (fts @@ "AUTA" <-> "WBHR™"::tsquery)

Heap Blocks: exact=663

-> Bitmap Index Scan on news_rum_fts_idx (cost=0.00..36.73 rows=1164 width=0) (actual time=5.860..5.860 rows=757 loops=1)

Index Cond: (fts @@ " UIeT" <-> "WBHR"::tsquery)

Planning time: 0.426 ms

Execution time: 7.480 ms
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To Do...

* New dictionaries for Nepali can be added for Nepali

support for FTS
* The existing Nepali stemmer can be improved to

handle cases of I-ending verbs.
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Summary

* |t Is possible with minimal effort to develop Nepali
search engines.

* Postgres Is free, and next version will have
Nepali configuration.

* Hence, any Nepali project will be powered by fts.
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ANY QUERIES ? ;

THANK YOU ?
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