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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[b] 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

4
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Why FTS in Database?

• Many external search engines exist but:

• 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

5
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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

6



PGConf Nepal 2018

May 04- 05, 2018

Full Text Search
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Full Text Search
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Full Text Search
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to_tsvector
Syntax: to_tsvector (ftscfg regconfig, document text) returns tsvector

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

Stop-
word
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Full Text Search
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to_tsquery
Syntax: to_tsquery (ftscfg regconfig, document text) returns tsquery

tsquery for prefix search

tsquery with labels
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FTS Basic Text Matching
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Why tsquery ?

• Write complex queries, for example:
अााकाशगंगा or सूक्ष्म तारामण्डल

• Difficult to express in SQL

• tsquery (text search query) provides compact 

way
'(अााकाशगंगा | (सूक्ष्म & तारामण्डल)) | (ससतारा)'

• plainto_tsquery() for AND-ed query
'सूक्ष्म तारामण्डल' 

12
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FTS Parser

• Splits document into tokens

• Determines type of each token

13

SQL commands

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

PARSER}

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

Syntax: ts_token_type(parser_oid oid) return setofrecord
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Parser Testing

16

ts_parse

• Parses the given document and return series of records, one for each

token produced by parsing
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Parser Testing
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postgres=# SELECT * FROM ts_parse('default','यो सुरसित तररका पसि हो ');
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FTS Dictionary
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Regular dictionaries

• Return token, if it’s recognized

• Else, pass it to subsequent dictionaries

• Example: ispell, simple, synonym,

snowball

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
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FTS Dictionary
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Phrase dictionaries

• Similar to Regular dictionaries in terms

of functionality

• Recognize phrases (more than on e

token)

• Hold control until the end of phrase

processing

• Example: thesaurus

Filtering dictionaries

• Replace the recognized token

• Then, pass it to subsequent dictionaries

• Can be placed anywhere, except the

end

• Example: unaccent
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FTS Dictionary
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SQL command

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

DICTIONARY | PARSER}

PSQL command

\dF{,d,p,t}[+][PATTERN]
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FTS Dictionary
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Nepali Stop Word
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• $SHAREDIR/tsearch_data/nepali.stop

• Contains 304 words

• Frequent words in a corpus, that:

• Can include language-specific:

• Determiners

• Conjunctions

• Postpositions

• Also, it can include common words like:

• Names

• Temporal words
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Why Remove the Stop Words?

23

• 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
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FTS Dictionary : Stop Word
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Stemming Algorithm
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Why is Stemming Important?

26

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
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With stemming the same word was found in 

more number of documents!

27

With Stemming

postgres=# SELECT count(*) as ndoc

FROM news, to_tsquery('nepali','िेपाल') q

WHERE fts @@ q;

Without Stemming

postgres=# SELECT count(*) as ndoc

FROM news

WHERE body @@ 

to_tsquery('nepali','िेपाल’);
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Nepali Snowball Stemmer
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• 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
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Nepali Snowball Stemmer
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A New Stemmer for Nepali Language(2016)
https://ieeexplore.ieee.org/document/7749008/

• Iterative rule-based stemming algorithm

• Strips inflectional suffixes from words

• Works in three parts

https://ieeexplore.ieee.org/document/7749008/
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FTS Dictionary : Snowball

30
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Dictionary Testing
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ts_lexize

postgres =# SELECT ts_lexize('nepali_stem','पदासिकारीहरुको');
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Adding Nepali snowball stemmer and stop word 

dictionary:

32

• 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
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FTS Configuration

33

• Binds parser and dictionaries

• Specifies how the document should be 

processed

• Maps a dictionaries pipeline for each token type
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FTS Configuration
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PSQL command
\dF{,d,p,t}[+][PATTERN]
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FTS Configuration
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FTS Configuration

36

SQL command

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

PARSER}
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FTS Configuration Example
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FTS Configuration Example
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Configuration Testing
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ts_debug

• Provides information about each token produced by parser and

processed by the dictionaries

postgres =# SELECT * FROM ts_debug('nepali','सिल्ला अध्यिमा दुई व्यक्ति उठ्दा

एकलाई भोट त हाल्िुपलाा सि ');

Explicit use of configuration name is important!!
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Configuration Testing

40
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Importance of Explicit use of 

Configuration Name

41

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,plainto_tsquery('िेपाल

सरकार')) AS rank FROM news WHERE fts @@ plainto_tsquery('िेपाल सरकार')

ORDER BY fts <=> plainto_tsquery('nepali','िेपाल सरकार') LIMIT 10;

to_tsquery(regconfig, text) - Immutable, evaluated by optimizer and cached
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Importance of Explicit use of 

Configuration Name

42

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,plainto_tsquery('िेपाल

सरकार')) AS rank FROM news WHERE fts @@ plainto_tsquery('िेपाल सरकार')

ORDER BY fts <=> plainto_tsquery('िेपाल सरकार') LIMIT 10;

to_tsquery(text) – stable and each tuple is evaluated
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Importance of Explicit use of 

Configuration Name

43

postgres =# EXPLAIN ANALYSE SELECT body, ts_rank_cd(fts,q) AS rank

FROM news, plainto_tsquery('nepali','िेपाल सरकार') q

WHERE fts @@ q ORDER BY fts <=> q LIMIT 10;

• Function scan

• Query almost 2x slower!!
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Nepali News: FTS

44

Document

• Textual field within a row of database table

• Combination of fields from the same or different tables 

(join) – virtual document
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Nepali News Example

45

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;
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Nepali News Example : Importing to 

Database

46

postgres=# COPY news(id, title, body, date) FROM 

‘/path/to/news.csv' DELIMITER ',' CSV HEADER;
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Nepali News: FTS in Database

47
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FTS Representation of Nepali News

48

fts: tsvector
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Nepali News: Document Statistics

49

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

OUT ndoc text, OUT nentry integer) return setof record 

Find five most frequent words in document collection
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Nepali News: Document Statistics

50

Find five most frequent words in document collection but

counting only word occurrence with weights A and B
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Nepali News: Ranking Search Results

51

ts_rank

• Ranks vector on the basis of the frequency of their matching 

lexemes

ts_rank_cd

• Calculates cover density rank for the given document vector 

and query



PGConf Nepal 2018

May 04- 05, 2018

Nepali News: Ranking Search Results
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• ts_rank_cd uses only local information

• 0 < rank / (rank + 1) < 1

• ts_rank_cd (‘{0.1, 0.2, 0.4, 1.0}’, fts, q)

postgres =# SELECT body, ts_rank_cd(fts, to_tsquery('nepali','िेपाल')) AS rank 

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

ORDER BY rank DESC LIMIT 5;
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Nepali News: Highlighting Results

53

ts_headline

• Returns an excerpt from the document in which terms from 

query are highlighted
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Nepali News: Highlighting Results

54

postgres=# SELECT ts_headline ('nepali',body, to_tsquery('nepali','िेपाल')

,'StartSel=<, StopSel=>, MaxWords= 20, MinWords=10'), ts_rank_cd(fts,

to_tsquery('nepali','िेपाल') ) AS rank

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

ORDER BY rank DESC LIMIT 5;
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Nepali News: Query Rewriting

55

ts_rewrite

• Search a given tsquery for occurrences of a target subquery

• Then, replace each occurrence with a substitute subquery
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Nepali News: Query Rewriting

56

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

postgres =# INSERT INTO aliases VALUES (to_tsquery('nepali','सरकार'),

to_tsquery('nepali','सरकार | शासि | शासिकताा'));

postgres =# SELECT ts_rewrite (to_tsquery('nepali','िेपाल & सरकार'),

'SELECT * FROM aliases’);
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Nepali News: Query Rewriting

57

postgres=#  SELECT id, body, coalesce(ts_rank_cd(fts, 

to_tsquery('nepali','राज्य'),1),2) AS rank

FROM news

WHERE fts @@ to_tsquery('nepali','राज्य') and id = 145102

ORDER BY rank DESC ;

postgres=#  INSERT INTO aliases VALUES (to_tsquery('nepali','राज्य'), 

to_tsquery('nepali','सरकार | शासि | शासिकताा | देश | राज्य | िेपाल'));
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Nepali News: Query Rewriting
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postgres=#  SELECT body, coalesce(ts_rank_cd(fts, 

ts_rewrite(to_tsquery('nepali','राज्य'), 'SELECT * FROM aliases'),1),2) AS 

rank

FROM news WHERE fts @@ ts_rewrite(to_tsquery('nepali','राज्य'), 'SELECT 

* FROM aliases')

ORDER BY rank DESC LIMIT 5;
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Nepali News: Prefix Search

59

• Matches all documents, which contains words with prefix िेपाल

• ‘*’ signifies prefix match

• to_tsquery(‘िेपाल:bd*’) matches prefix on title(weight ‘b’) and 

body(weight ‘d’) 

• Useful when stemmer is not available

postgres=# SELECT body FROM news WHERE fts @@ 

to_tsquery('िेपाल:*') LIMIT 5;
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FTS of JSON[b] Data in PostgreSQL

60

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":[{"f":4,"g":5},{"f":6,"g":7}]}
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FTS of JSON[b] Data in PostgreSQL

61

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

FROM (VALUES ('

{

"title":"िेपाली ब्याकरण",

"publisher":"भंुडीपुराण प्रकाशि",

"writer":"गुणराि लुइटेल"

}

'::jsonb)) AS foo(jb)
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JSON[b] Data: Phrase Search
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postgres=# phraseto_tsquery('nepali','िेपाली

प्रकाशि') @@ to_tsvector('nepali',jb) FROM 

(VALUES ('

{

"title":"िेपाली ब्याकरण",

"publisher":"भंुडीपुराण प्रकाशि",

"writer":"गुणराि लुइटेल"

}

'::jsonb)) AS foo(jb)

postgres=# SELECT 

phraseto_tsquery('nepali','िेपाली ब्याकरण') @@ 

to_tsvector('nepali',jb) FROM (VALUES ('

{

"title":"िेपाली ब्याकरण",

"publisher":"भंुडीपुराण प्रकाशि",

"writer":"गुणराि लुइटेल"

}

'::jsonb)) AS foo(jb)
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Faceted Search in Single 

PostgreSQL Query

63

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
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Faceted  Search SQL Query

64

/*

* 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','िेपाल

सरकार')), id

) rank,

COUNT(*) OVER (PARTITION BY date) cnt

FROM news

WHERE fts @@ plainto_tsquery('nepali','िेपाल

सरकार')

),

/* Aggregate news and count per list into json. */

lst 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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{

"2018-01-10": {

"count": 841,

"results": [

{

"body": "आिभन्दा सात बर्ा अगासड हामीसबै ि्ाेपाली समलेर तािासासह ...","id": 69814

},

{

"body": "पाटी भिेको ििताको पररवताि र मुक्तिको सिक्ति साध्य होइि सािि बनु्नपर्ा । ...","id": 72652

}

]

},

"2017-05-02": {

"count": 840,

"results": [

{

"body": "ििवरी–िुि २०१७, सप्तरीमािवअसिकार तथा सामासिक न्यायका...","id": 156031

},

{

"body": "यो हाम्रो दुभााग्य हो सक हामीले सवगत इसतहासमा पाएका...","id": 128075

}]

}

}

JSON document with total count of matching query on news and 

TOP 2 relevant news for each list

Faceted  Search JSON Result
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postgres=# CREATE INDEX news_index ON news USING GIN(fts)

Faceted  Search SQL Query Plan
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Faceted  Search SQL Query Plan
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FTS without Indexing

68

postgres=# EXPLAIN ANALYSE

SELECT body, ts_rank(fts, plainto_tsquery('nepali', 'िेपाल सरकार' )) AS rank

FROM news WHERE fts @@ plainto_tsquery('nepali','िेपाल सरकार')

ORDER BY rank DESC LIMIT 10;
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FTS: Order by Timestamp

69

postgres=# EXPLAIN ANALYSE

SELECT sent, body FROm news

WHERE fts @@ to_tsquery('nepali', 'िेपाल')

ORDER BY (sent - '2017-04-04'::timestamp) ASC LIMIT 5;
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However, FTS alone is slow!!

70
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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
71
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Indexes

72

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
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FTS : Indexing using GIN

73

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

postgres=# EXPLAIN ANALYSE

SELECT body, ts_rank(fts, plainto_tsquery('nepali', 'िेपाल सरकार' ))

AS rank

FROM news WHERE fts @@ plainto_tsquery('nepali','िेपाल

सरकार')

ORDER BY rank DESC LIMIT 10;
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Indexing using GIN

74
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FTS : Indexing using RUM

75

• 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('nepali','िेपाल सरकार')

ORDER BY fts <=> plainto_tsquery('nepali','िेपाल सरकार') 

LIMIT 10;
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Indexing using RUM

76
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FTS: Order by Timestamp using GIN

77

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

postgres=# EXPLAIN ANALYSE

SELECT sent, body FROm news

WHERE fts @@ to_tsquery('nepali', 'िेपाल')

ORDER BY (sent - '2017-04-04'::timestamp) ASC LIMIT 5;
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FTS: Order by Timestamp using RUM

78

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','िेपाल’) order by date <=> '2017-04-04'::timestamp LIMIT 5 
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Phrase Search

• 'A & B'::tsquery = 'B & A'::tsquery

• 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]

79
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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

• 'A C B' matched by ‘(A <2>B) <-> C’

• Order is preserved for any n, m

80
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Phrase Search

phraseto_tsquery
Syntax: phraseto_tsquery ([cfg],text)

Stop-words

81



PGConf Nepal 2018

May 04- 05, 2018

Phrase Search Example

82
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Phrase Search Example

83
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Phrase Search without Indexing

84

postgres=# EXPLAIN ANALYSE SELECT id,body FROM news WHERE fts @@ 

to_tsquery('nepali','िेपाल <-> सरकार');
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Phrase Search with GIN Indexing

85

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

postgres=# EXPLAIN ANALYSE SELECT id,body FROM news WHERE fts @@ 

to_tsquery('nepali','िेपाल <-> सरकार');
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Phrase Search with RUM Indexing

86

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','िेपाल <-> सरकार');
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To Do…

87

• 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

88

• It 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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