Awbaokouoa: EvayyeAia Mitoupa

Elcaywyn otn Lucene. Mepypadn Epyaotac.

Akadnuaiko Etoc 2024-2025



Epyooia

O&pa: 2xedlaopoc kal UAomtolnon evocg cuothpatog avalntnong mAnpodopiog
arno sibnosoypadika apbpa.

=  To KUpLO LEPOC TNC epyaociac adopd avalntnon e Ae€elc KAeWOLA (80%)

= H avalntnon autl Oa emektabel yla tnv umootAplEn SLAVUOUATLKAG
avalntnonc (20%)

Mo tnv vlomoinon, Ba ypnoluomowjote tn PBLBA0ORKn Lucene

= H epyaoia petpael o mocooto 50% oto Pabuod coc oto
naonua.



> NLOVTLKEC HUEpOUNVLEC

Oa avokowwbel avptlo (28/3)

KataAnktikec Huepopnvieg

= Asutépa 14 Ampihiov 2025: Zuvtoun neplypadn tou oxedlaopol tnG ebappoynig
Kall TNG oUAAOYNAC eyypadwv

" [lapaokeun 23 Maiov 2025: Napadoon epyaciog

= EBSopada 26 Maiou 2025: MNpodoptkn e€€taon (ot akpBeic NUEPEC KoL WPeC Ba
avoakolvwBouv apyotepal)

OL KATAANKTLKEG NUEPOMNVLEG lval auoTnpEg, dev yivovtal OEKTEG ApPYOTIOPNEVEC
napadOO0ELC AOKACEWV

H epyacia dgv pnopei va mapadobet tov 2Zemteufpn



ALOOLKOLOTLKQL

" [Napdadoon HEow ecourse
=  Telwkn epyaocia oto github

= H epyaoia pnopel va yivel o€ opAdeC £WC 2 ATOUWV.

Anoplec/epwtnioslc pEow edsteem
BonBol yia tnv epyaocia
[lwpyoc MmaAavog
BayyéAnc Xaoavng



[Mpoatpetikn Epyaocia
YAomoinon RAG yla tnv idta cuAloyn

Oa avokolwwBel tnv emopevn edopada

Napadoon: Mapaockeun 23 Malou 2025

ArtaAokTikr: 50% tou BaBuou
Avtl yla TNV TeALKn €€taon
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[TopaPETPLKA EVPETNPLO KaL eVpeTNPLA (WVNC

* [LoL LPKETA EYypada EKTOC TOU KELWEVOU, ETILITPOCOETN
nAnpodopla: eival YwpLOUEVD OE TUNUOTO LLE
SladopeTikn onpaoia:

* Zuyypadeag

* TitAo¢

* Huepounvia énpocicvong
* A\wooa

* KATT

e KaAdouvtal kat petadedopeva (metadata) tou eyypadou



[TopOPETPLKA EPWTH AT

= Juyxva avalntnon pe Baon ta petadedbopeva

" .x., Bpec oAa ta €yypada mou eyypade 1o 1601 o William
Shakespeare, tou meplexouv Tic Ae€elc alas poor Yorick

" Year = 1601 eival mapadetypa evog nediovu (field)
» Entiong, author last name = shakespeare, kA

" Epwtnuata pe media (mMopapeTplkd epwtApota) ouvnowc
gpunvevovtal we ouleuktike (conjunction, cuvdeon pe AND)
MPEMEL VL LoYUOUV OAdL



Ked. 6.1

[Tapapetpkn avalntnon

Bitsliographic Search
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Zwvn

Entiong, ocuyxva ta eyypapo ivol YwWPLOUEVO CE TUNUOTO
((wvec) pe SLadopeTikn onpaocia:

=" H {wvn (zone) eival pLa teploxn evoc eyypadou mou TEPLEXEL KELUEVO,
Y.,
= Title (titAog)
= Abstract (mepiAnyn)
= References (avadopec) ...

= [TpEMEL VOL TPOTIOTIOLCOULE TOL EUPETHPLOL WOTE VA ETULTPEPOUUE OYETLIKA
EPWTNHATA OTIWG

= iy, Bpeg Eyypada pe tov 6po «merchant» otov titAo Toug

= Entiong ypnotwua av 6€Aovpe va Swooupe LeyaAvtepo Bapoc o€
eudavioelc opwv otov TiTAo N otnv epiAnyn



Eupetnplo medlou

* Eupetnplo mediov (Field index) N moapapetpkd eupetnplo (parametric
index): kataxwpnoelc (postings) yia kabe medio
* Juxva €16KoU TUTOU (1Y S€vTpa SLACTAMATOC YL NUEPOUNVLEG)

Baowko supetnplo {wvnc encoded oto AeéLko (OLadpopETLKEC
ALOTEC KOTAXWPNOEWV)

‘Eva eupetnplo yla kaBe (wvn/medio:

Lun am.abstrac 11 121 1441 1729
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T
I

william. title
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william.author
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Emtektaon Katoxwpnoewv

Eva eviaio eupetnplo yla kabe gyypado

H mAnpodopia {wvng oTLg ALOTEC KATOXWPNONG:

william

2. author, 2 tithe

3.author

4 title

A.author

Ked. 6.1



Ked. 6.1

" Eupetnplo ediou: KAAUTEPO yLA TIOPAUETPLKAL
EpwTNHOTA

" ETIEKTOON KOTAXWPNOEWV: TIOLO ATTOSOTLKO yLa
UTTOAOYLOMO «evioiac» (UYLOUEVNC OUVAPELOC



[Teplexoueva
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Kedp. 8.7

[MeplAnPeLc amoteAeopaTWY

= AdoU €xoupe SLatacel ta eyypado mou tatplalouv YE To
£pWTNUO, BEAOUE VA TOL TTAPOUCLACOU LE OTO XPNOTN

" [1lo cuxva W pLa Atota amo tithouc eyypadwyv, URL, padl pe
ua pkpn teptAnwn (result snippet), aka “10 blue links”

John McCain

John McCain 2008 - The Official Website of Jehn McCain's 2008 Campaign for President ... African
American Coalition; Americans of Faith; American Indians for McCain; Americans with ...
www.johnmecain.com - Cached page

JohnMcCain.com - McCain-Palin 2008

John McCain 2008 - The Official Website of Jehn McCain's 2008 Campaign for President ... African
American Coalition; Americans of Faith; American Indians for McCain; Americans with ...
www.johnmecain.com/informing/lssues - Cached page

John McCain News- msnbc.com
Complete political coverage of Jehn McCain. ... Republican leaders said Saturday that they were

worried that Sen. John McCain was heading for defeat unless he brought stability to ...
www.msnbec.msn.com/id/16438320 - Cached page

John McCain | Facebook
Welcome to the official Facebook Page of John McCain. Get exclusive content and interact with John

McCain right from Facebook. Join Facebook to create your own Page or to start ...
www.facebook.com/johnmecain - Cached page




[MeplAnPeLc amoteAeopaTWY

* H meplypadn tou eyypadou eival kpiotun ylati cuxva ot
xpNotec Baoiloviol o€ UtV yLa va armodacioouv av To
eyypado gival oXeTKO

* Ae xpeltaletal va StaAE€ouv Eva-Eva ta yypada PE TN OELpA

O titAoc¢ avtouata ano uetadedoueva, dAra nwc va
UTTOAOYIOOUUE TIC TTEPIANYELG;

Kedp. 8.7



Kedp. 8.7
[MeplAnPeLc amoteAeopaTWY

Avo Baowka eldn nepltAnPpewv

" Muwa otatikn rteptAndn (static summary) evoc
geyypadou sival mavta n wwa aveéaptnto aro 1o
EPWTNUO TIOU €Bg0E 0 XpNOTNG

* Muwa duvaptkn teptAnn (dynamic summary)
eéoptatal ano to epwtnua (query-dependent).
MpoonaBel va eEnynoet yuati to €yypado
aVaKTNONKE yloL TO CUYKEKPLUEVO KABE dpopa
EpWTNUAL



Kedp. 8.7
2TaTKEC MeplAndeLc

" Je €va TUTILKO ouoTnua n otatikn tepiAnydn eivat eva
UTtOCUVOAO Tou gyypadou

"  ATAOC EUPLOTIKOC: OL TPWTEC rtepitou 50 Agéeic Tou eyypadou
= cached kata tn dnuLlovpyla Tou EVpeTNPioU

" o e€eAlypevec peBodol (text summarization) — Bpec amo
KOO Eyypado KATTOLEC ONUOVTLIKEC TIPOTAOELC
" AmAnR YAwoooAoyikn ene€epyacia (NLP) pe evuplotika yia va BaBpoAoynOetl
kKaBe mpotaon (mAnpodopia BEong: mpwtn Kat teAeutaia mapaypadoc,

TIPWTN KOl TEAEUTOLO TTpOTACN OTNV TtapAypado, KAl TIEPLEXOUEVOU:
ONMUOVTLKEC AEEELC)

»  HmeplAnyn anoteAeitol amnod Ti¢ MPOTACELS E TO HeEYAAUTEPO BaBuO
» 'H ko 1o mepimAokn YAwoooAoylkn enegepyacia ya tn
ouvBeon/dnuovpyia epiAnyPng



Kedp. 8.7
Avvapikec MepltAndelc

* [apouciooe eva N nepltocotepa «tapadupa» (windows,
snippets) pEoa 0to £yypado TTOU VAL TIEPLEXOUV OLPKETOUC aTtO
TOUC OPOUC TOU EPWTNMOTOC

= “KWIC” snippets: avamnapaotaon Keyword-in-Context

. Christopher Manning, Stanford NLP
GO L) 8 e |chri5LJppher manning Christopher Manning, Associate Professor of Computer Science and Linguistics, Stanford
University.

nlp.stanford.edu/~manning/ - 12k - Cached - Similar pages

_ Christopher Manning. Stanford NLP
GO (—jgle christopher manning machine translation @mﬂnﬂjng| AEED{:iﬂtE F"F{}fEEEI:}F G‘f Et}mpuler SGiEF‘I{:E ﬂnd Linguiﬁtiﬂs, .

computational semantics, machine translation, grammar induction, ...
nlp.stanford.edu/~manning/ - 12k - Cached - Similar pages

L e L RS

Christopher Manning. Stanford NLP

E A_HOO’ ‘ chrlstupher manning Christopher Manning, Associate Professor of Computer Science and Linguistics,

stanford University ... Chris Manning works on systems and formalisms that can .
nlp.stanford.edu/~manning - Cached




Kedp. 8.7

Avvopkec MepltAnelc

" ['La TOV UTTOAOYLOMO TOUG ypetalouaote ta (dla ta Eyypapa
(6ev apKkel To evpeTPLO)

= Cache gyypadwv — TTOU TIPETIEL VO AVAVEWVETOLL

= Juyxva OXL OAo To eyypado av eival ToAU peyalo, aAAd KATIOLO
npoBepa Ttou
" Bpec pkpa mapaBupa ota Eyypada Tou TIEPLEXOUV OPOUC TOU
EPWTAUOTOC
= Artattel ypnyopn avalntnon nopabupou otnv cache twv
geyypadwv

20



Kedp. 8.7

Avvopkec MepltAnelc

" BaBpoAoynoe kaBe mapdbupo we mpoc To EpwTnUa
" Me Baon dtadopa XopaKTNPLOTLKA: TO TTAATOC TOU
napoBupou, tn B€on tou oto €yypado, KAT
" JuvOUOoE TA XOPOKTNPLOTIKA
* AUGKOAO va ekTIMNOEL N ToLoTNTA
= Positional indexes

= O Yywpoc 1ou dtatiBetat yia ta mapaBupa eival PKpOg

21



Kedp. 8.7

Avvopikec MNeptAnelc

Snippets (in bold)
that were extracted from a document: . . .
In recent years, Papua New Guinea has faced severe economic difficulties and
economic growth has slowed, partly as a result of weak governance
and civil war, and partly as a result of external factors such as the
Bougainville civil war which led to the closure in 1989 of the
Panguna mine (at that time the most important foreign exchange
earner and contributor to Government finances), the Asian
financial crisis, a decline in the prices of gold and copper, and a fall
in the production of oil. PNG’s economic development record
over the past few years is evidence that governance issues
underly many of the country’s problems. Good governance, which
may be defined as the transparent and accountable management of
human, natural, economic and financial resources for the purposes
of equitable and sustainable development, flows from proper public
sector management, efficient fiscal and accounting mechanismes,

and a willingness to make service delivery a priority in practice. . . . .



Quicklinks

* [La. navigational query (otav YaxvoUuE ULO CUYKEKPLUEVN
oeAida) onwc united airlines ol Yprioteg mBavov va
LKovoTtolouvtal amo tn oeAida www.united.com

 Quicklinks mapgxouv navigational cues oe auth tn oeAida

GO{ ;8[(: united airlines

Web [ Show options

United Airlines Flights
e One Travel com/United-Airlines  Save $10 Instantly on United Airlines Airfares.

United Airlines - Airline Tickets, Airline Reservations, Flight ...

Airline tickets, airline reservations, flight airfare from United Airlines. Online reservatior
airline ticket purchase, electronic tickets, flight search, ... 4 Show stock quote for JALA
wirn united .com/ - Cached - Similar -

Search options Eaggage
EasyCheck-in Cnline  Services & information
Mileage Flus [tineraries & check-in
My ifineraries Flanning & booking

hore results from united .com » 23



http://www.united.com/

¥YVCL = Videu Ll R ey e L L IV e

YA_HOO_’@ ‘ united airlines

s 4

e

®] v Search Pad Also try: united airlines reservations, united airlines flight, More...

¥ SearchScan - On United Airlines - Airline Tickets, Airline Reservations ... (Nasdag: UAUA)
Official site for United Airlines, commercial air carrier transporting people, property,

102,000,000 results for
united airlines:

% Show All
& nited 2ir Lines

W Wikipedia

and mail across the U5, and worldwide.
wiried United.com - B3k - Cached

Flanning & Booking =hop for Flights
lineraries & Check-in special Deals
Mileage Plus Flight Status

sSenvices & Information Customer Service

more results from united. com =

Ry’ R R

M AR

Lnited Airline
Fleet

Lnited Airline
Schedule

Lnited Airlines
Reservations

United Airline Jobs

Reference

FELATED SEARCHES

Lnited Airlines Flight
Status

Us Airways
Continental Airlines

united airlines

ALL RESULTS

Cheap Flight Tickets - www. CheapOair.corm
CheapOair - The Only Way to Goll Find Ower 18 Million Exclusive Fares.

Fly United Airlines - www OneTravel camdUnited-Airline
Save $10 Instantly on United Airlines Flights. Book Mow, Hurry!

Best match

United Airlines - Airline Tickets, Airline Feservations, Flight ...

wint United com - Official site

Airline tickets, airline reservations, flight airfare from United Airlines. Online reservations,
airline ticket purchase, electronic tickets, flight search, fares and availability ...

Flights Redeem miles

Check In Onling Children, pets, & assistance
by itineraries Change your travel plans
Bagngane Special deals

Customer service 800-864-3331
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EVOAANOKTLKEC QVATIAPOOTAOELC;

Web |mages ‘ideo Local Shopping Mews  more

YaHoOOL!.

| uni Search

united airlines » UNITED AIRLINES - AIRLINE TICKETS,...

- Airline tickets, airline reservations, flight airfare fram United Airlines.
univision Online reservations,. ..

T University of phoenix www.united.com
asian unicoern
MORE INFO

universal studios ] )

. ) Flights Check In Cnline
united states postal service Mileage Plus My ltineraries
united healthcare Baggage Fedeemn Miles

25
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Eloaywyn

APACHE

~NLUCENE

Open source search software

Lucene Core provides Java-based indexing and search as well
as spellchecking, hit highlighting and advanced
analysis/tokenization capabilities

Let you add search to your application, not a complete search
system by itself -- software library not an application

Written by Doug Cutting

27



Eloaywyn

= An “engine” used by LinkedIn, Twitter, Netflix, Oracle, ...
= and many more (see http://wiki.apache.org/lucene-
java/PoweredBy)

* Ports/integrations to other languages
= C/C++, CH#, Ruby, Perl, PHP

= PyLucene: a Python port of the Core project
= Allows use of Lucene's text indexing and searching capabilities
from Python.

https://lucene.apache.org/pylucene/

28


http://wiki.apache.org/lucene-java/PoweredBy
http://wiki.apache.org/lucene-java/PoweredBy

Mropeite va tnv KateBAacete amno

http://lucene.apache.org/core/

29



Karmola otolxeia otnv mapovoiaon adopouv
TIPONYOUEVEC EKOOOELC



BaolkeC evvoleC

=

[ Search Ul ]

AN

Build

__documen |
[ ]

Acquire
content

Raw
Content INDEX '
SEARCH

31



Some features (indexing)

Scalable, high-performance indexing

= over 800GB/hour on modern hardware

= small RAM requirements -- only 1IMB heap

= incremental indexing as fast as batch indexing

" index size roughly 20-30% the size of text indexed

32



Some features (search)

Powerful, accurate and efficient search algorithms

ranked searching -- best results returned first

= many powerful query types: phrase queries, wildcard queries, proximity queries,
range queries and more

= fielded searching (e.g. title, author, contents)

= nearest-neighbor search for high-dimensionality vectors

= sorting by any field

®" multiple-index searching with merged results

= allows simultaneous update and searching

= flexible faceting, highlighting, joins and result grouping

= fast, memory-efficient and typo-tolerant suggesters

= pluggable ranking models, including the Vector Space Model and Okapi BM25

= configurable storage engine (codecs)

33



>TOYOC TNC mapouvaoioonc:
oUVTOLN ELOOYWVYN

Meploootepec MANpodopleg
https://lucene.apache.org/core/10 1 0/index.html

= Lucene tutorials

https://www.manning.com/books/lucene-

in-action-second-edition

http://www.lucenetutorial.com/
= Exampled updated to 9.x

https://www.lucenetutorial.com/lucene-in-5-
minutes.html
= Lucene demo

https://lucene.apache.org/core/10 1 0/demo/in
dex.html

34


https://www.manning.com/books/lucene-in-action-second-edition
https://www.manning.com/books/lucene-in-action-second-edition

Baolkec evvolec: document

The unit of search and index.

Indexing involves adding Documents to an
IndexWriter.

Searching involves retrieving Documents from an
index via an IndexSearcher.

A document consists of one or more Fields
= A Field is a name-value pair.
example: title, body, or metadata (creation time,
etc)

35



Baowkec evvolec: Fields

=  You have to translate raw content into Fields

= Search a field using <field-name:term>,
= e.g., title:lucene



Baolkec evvolec: index

" Indexing in Lucene
1. Create documents comprising of one
or more Fields
2. Add these Documents to an
IndexWriter.




Baolkec evvolec: search

Searching requires an index to have already been built.
" |tinvolves
1. Create a Query (usually via a QueryParser) and
2. Handle this Query to an IndexSearcher, which returns a

list of Hits.

* The Lucene query language allows the user to specify

which field(s) to search on,
which fields to give more weight to (boosting),

the ability to perform boolean queries (AND, OR, NOT)
and

other functionality.

38



Neural (semantic) search in Lucene
(solr)

Given a dense vector g that models the query (information need) calculate
the distance (Euclidean, cosine, dot product, etc.) between g and every
vector d that represents a document

DenseVectorField type
Knn Query Parser

Nearest Neighborhood Search

Proximity Neighborhood Graph

= Vertices (documents) are mapped to nodes
= Edges between “similar” vertices

Navigable small world graph

https://sease.io/2022/01/apache-solr-neural-search.html
https://sease.io/2023/01/apache-solr-neural-search-tutorial.html
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https://sease.io/2022/01/apache-solr-neural-search.html
https://sease.io/2023/01/apache-solr-neural-search-tutorial.html

Hybrid Search

Combine
vector search
keyword-search

https://sease.io/2023/12/hybrid-search-with-apache-solr.html



Lucene in a search system:
index



Lucene in a search system: index

Steps

1.

2.
3.
4

Acquire content
Build document
Analyze document
Index documents

Build
document

[ Acquire

Cco nte nt

|
|

Raw
Content

INDEX



Step 1: Acquire and build content

Not supported by core Lucid

Collection depending on type may require:
= Crawler or spiders (web)
= Specific APIs provided by the application (e.g., Twitter, FourSquare, imdb)
= Scrapping https://pypi.org/project/beautifulsoup4/
= Complex software if scattered at various location, etc

Complex documents (e.g., XML, JSON, relational databases, pptx etc)

Tika the Apache Tika™ toolkit detects and extracts metadata and text from over a thousand

different file types (such as PPT, XLS, and PDF)
http://tika.apache.org/



Step 1: Acquire and build content

OpenNLP library is a machine learning based toolkit for the processing of natural

language text. It supports the most common NLP tasks, such as tokenization, sentence
segmentation, part-of-speech tagging, named entity extraction, language detection,
chunking (extracting sentences from unstructured text), parsing, and coreference resolution
(find all expressions that refer to the same entity in the text)

https://opennlp.apache.org/



https://opennlp.apache.org/

Step 2:Build Documents

Create documents by adding fields

Fields may be
" indexed or not

" Indexed fields may or may not be analyzed (i.e., tokenized
with an Analyzer)

=" Non-analyzed fields view the entire value as a single
token (useful for URLs, paths, dates, social security
numbers, ...)

= stored or not
= Useful for fields that you’d like to display to users

= Optionally store term vectors and other options such as
positional indexes



Step 2:Build Documents

Create documents by adding fields

Step 1 - Create a method to get a Lucene document from a text file.

Step 2 - Create various fields which are key value pairs containing keys as
names and values as contents to be indexed.

Step 3 - Set field to be analyzed or not, stored or not

Step 4 - Add the newly-created fields to the document object and return it to
the caller method.



Step 2:Build Documents (maAwotepn version)

private Document getDocument(File file) throws IOException {

Document document = new Document();

//index file contents

Field contentField = new Field(LuceneConstants. CONTENTS,
new FileReader(file))

//index file name

Field fileNameField = new Field(LuceneConstants.FILE_NAME, file.getName(), Field.Store.YES,Field.Index.NOT_ANALYZED);

//index file path
Field filePathField = new Field(LuceneConstants.FILE_PATH, file.getCanonicalPath(), Field.Store.YES,Field.Index.NOT_ANALYZED);

document.add(contentField);
document.add(fileNameField);

document.add(filePathField);

return document;

}



Step 3:analyze and index

Create an IndexWriter and add documents to it with addDocument();



Core indexing classes

=" Analyzer
= Extracts tokens from a text stream

=" IndexWriter
= create a new index, open an existing index, and
= add, remove, or update documents in an index

= Directory
= Abstract class that represents the location of an index



Analyzer analyzer = new StandardAnalyzer();

NMOALOTEPN version

// INDEX: Store the index in memory: (yia tnv epyacia Ya to amodnkevote oto Sdioko — Vo SnutovpynUVel uto popa

atnv apxn)

Directory directory = new RAMDirectory();

// To store an index on disk, use this instead:

// Directory directory = FSDirectory.open("/tmp/testindex");
IndexWriterConfig config = new IndexWriterConfig(analyzer);
IndexWriter iwriter = new IndexWriter(directory, config);
Document doc = new Document();

String text = "This is the text to be indexed.";

doc.add(new Field("fieldname", text, TextField. TYPE_STORED));
iwriteraddDocument(doc);

iwriter.close();

// SEARCH: Now search the index:
DirectoryReader ireader = DirectoryReader.open(directory);
IndexSearcher isearcher = new IndexSearcher(ireader);
// Parse a simple query that searches for "text":
QueryParser parser = new QueryParser("fieldname", analyzer);
Query query = parser.parse("text");
ScoreDoc[] hits = isearcher.search(query, null, 1000).scoreDocs;
// Iterate through the results:
for (inti=0; i< hits.length; i++) {
Document hitDoc = isearcher.doc(hits[i].doc);
}
ireader.close();
directory.close();
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Using Fi1eld options

NOT_ANALYZED Identifiers,
telephone/SSNs, URLs,
dates, ...

ANALYZED YES WITH_POSITIONS_OFFSETS Title, abstract

ANALYZED NO WITH_POSITIONS_OFFSETS Body

NO YES NO Document type, DB keys

(if not used for searching)

NOT_ANALYZED NO NO Hidden keywords



Analyzers

Tokenizes the input text

* Common Analyzers

* WhitespaceAnalyzer
Splits tokens on whitespace

* SimpleAnalyzer
Splits tokens on non-letters, and then lowercases

* StopAnalyzer
Same as SimpleAnalyzer, but also removes stop words

* StandardAnalyzer
Most sophisticated analyzer that knows about certain token types,
lowercases, removes stop words, ...



Analysis examples

“The quick brown fox jumped over the lazy dog”

* WhitespaceAnalyzer
* [The] [quick] [brown] [fox] [jumped] [over] [the] [lazy] [dog]

* SimpleAnalyzer
* [the] [quick] [brown] [fox] [jumped] [over] [the] [lazy] [dog]

* StopAnalyzer
 [quick] [brown] [fox] [jumped] [over] [lazy] [dog]

* StandardAnalyzer
* [quick] [brown] [fox] [jumped] [over] [lazy] [dog]



More analysis examples

* “XY&Z Corporation — xyz@example.com”

* WhitespaceAnalyzer
* [XY&Z] [Corporation] [-] [xyz@example.com]

* SimpleAnalyzer

* [xy] [z] [corporation] [xyz] [example] [com]
* StopAnalyzer

* [xy] [z] [corporation] [xyz] [example] [com]

* StandardAnalyzer
* [xy&z] [corporation] [xyz@example.com]



Lucene in a search system: search
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Lucene in a search system: search

[ Search Ul ]

AN

SEARCH
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Search User Interface (Ul)

No default search Ul, but many useful modules

General instructions
= Simple (do not present a lot of options in the first page)
search box better than 2-step process
= Result presentation is very important
= highlight matches
= make sort order clear, etc



Core searching classes

= QueryParser
= Parses a textual representation of a query into a Query instance

= Constructed with an analyzer used to interpret query text in the same
way as the documents are interpreted

= Query
= Contains the results from the QueryParser which is passed to the
searcher

= Abstract query class
= Concrete subclasses represent specific types of queries, e.g., matching
terms in fields, boolean queries, phrase queries, ...
" IndexSearcher
= Central class that exposes several search methods on an index
= Returns TopDocs with max n hits



Analyzer analyzer = new StandardAnalyzer();

NMOALOTEPN version

//INDEX: Store the index in memory: (yio tnv epyacia Oo to anodnkevote oto loko — da dSnutoupyndel uia popd

otnv apxn))
Directory directory = new RAMDirectory();

// To store an index on disk, use this instead:

// Directory directory = FSDirectory.open("/tmp/testindex");
IndexWriterConfig config = new IndexWriterConfig(analyzer);
IndexWriter iwriter = new IndexWriter(directory, config);
Document doc = new Document();

String text = "This is the text to be indexed.";

doc.add(new Field("fieldname", text, TextField. TYPE_STORED));
iwriteraddDocument(doc);

iwriter.close();

// QUERY: Now search the index:
DirectoryReader ireader = DirectoryReader.open(directory);
IndexSearcher isearcher = new IndexSearcher(ireader);
// Parse a simple query that searches for "text":
QueryParser parser = new QueryParser("fieldname", analyzer);
Query query = parser.parse("text");
ScoreDoc[] hits = isearcher.search(query, null, 1000).scoreDocs;
// Iterate through the results:
for (inti=0; i< hits.length; i++) {
Document hitDoc = isearcher.doc(hits[i].doc);
}
ireader.close();
directory.close();
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QueryParser syntax examples

java Contains the term java in the default field

java junit Contains the term java or junit or both in the default field (the default
java OR junit operator can be changed to AND)

+java +junit Contains both java and junit in the default field

java AND junit

title:ant Contains the term ant in the title field

title:extreme - subject:sports Contains extreme in the title and not sports in subject
(agile OR extreme) AND java Boolean expression matches

title:”junit in action” Phrase matches in title

title:”junit action”~5 Proximity matches (within 5) in title

java* Wildcard matches

java™ Fuzzy matches

lastmodified:[1/1/09 TO 12/31/09] Range matches



Scoring

 Scoring function uses basic tf-idf scoring with
* Programmable boost values for certain fields in documents
* Length normalization
* Boosts for documents containing more of the query terms

* IndexSearcher provides a method that explains the scoring of a
document



summary

To use Lucene

1. Create Documents by adding Fields;
2. Create an IndexWriter and add documents to it with addDocument();

3. Call QueryParser.parse() to build a query from a string; and
4. Create an IndexSearcher and pass the query to its search() method.
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https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/document/Document.html
https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/document/Field.html
https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/index/IndexWriter.html
https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/index/IndexWriter.html#addDocument-java.lang.Iterable-
https://lucene.apache.org/core/7_2_1/queryparser/org/apache/lucene/queryparser/classic/QueryParserBase.html#parse(java.lang.String)
https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/search/IndexSearcher.html
https://lucene.apache.org/core/7_2_1/core/org/apache/lucene/search/IndexSearcher.html#search-org.apache.lucene.search.Query-int-

Summary: Lucene API| packages

https://lucene.apache.org/core/9 10 0/core/index.html

The Lucene APl is divided into several packages:

= org.apache.lucene.analysis defines an abstract Analyzer API for converting text from
a Reader into a TokenStream, an enumeration of token Attributes. A TokenStream
can be composed by applying TokenFilters to the output of a Tokenizer. Tokenizers
and TokenFilters are strung together and applied with an Analyzer. analysis-common
provides a number of Analyzer implementations, including StopAnalyzer and the
grammar-based StandardAnalyzer.

= org.apache.lucene.codecs provides an abstraction over the encoding and decoding
of the inverted index structure, as well as different implementations that can be
chosen depending upon application needs.

= org.apache.lucene.document provides a simple Document class. A Document is
simply a set of named Fields, whose values may be strings or instances of Reader.

= org.apache.lucene.index provides two primary classes: IndexWriter, which creates
and adds documents to indices; and IndexReader, which accesses the data in the
index.
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Summary: Lucene API packages

https://lucene.apache.org/core/9 10 0/core/index.html

org.apache.lucene.search provides data structures to represent queries (ie
TermQuery for individual words, PhraseQuery for phrases, and BooleanQuery for
boolean combinations of queries) and the IndexSearcher which turns queries into
TopDocs. A number of QueryParsers are provided for producing query structures
from strings or xml.

org.apache.lucene.store defines an abstract class for storing persistent data, the
Directory, which is a collection of named files written by an IndexOutput and read
by an Indexinput. Multiple implementations are provided, but FSDirectory is
generally recommended as it tries to use operating system disk buffer caches
efficiently.

org.apache.lucene.util contains a few handy data structures and util classes, ie
FixedBitSet and PriorityQueue.lucene.analysis defines an abstract Analyzer API for
converting text from a Reader into a TokenStream, an enumeration of token
Attributes.
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»
SOU, N https://solr.apache.org/

Lucene is a full-text search engine library, whereas Solr is a full-text search engine web
application built on Lucene
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[ ]
%o .
&° Elasticsearch

elastic .
https://www.elastic.co/

Built on top of Lucene.

ML functionality

A distributed system/search engine for scaling horizontally

Provides other features like thread-pool, queues,

node/cluster monitoring API, data monitoring API, Cluster
management, etc.

Hosts data on data nodes. Each data node hosts one or more indices,
and each index is divided into shards with each shard holding part of
the index’s data. Each shard created in Elasticsearch is a separate
Lucene instance or process.
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https://opster.com/guides/elasticsearch/glossary/elasticsearch-index
https://opster.com/guides/elasticsearch/glossary/elasticsearch-shards

[Teplexoueva

Eupetnpla {wvng

MNeplAnyn anoteAeopatwy
Lucene (Baowkn elocaywyn)
Epyaoia (Alya meploocotepa)
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/ /
YUAAoyYN eyypadwV
H epyaocia adopd oto oxedlaopo Kal uvAomoinon €vOoC CUOTAMOTOC
avalntnong nAnpodopiac amno sidbnocoypadika apOBpa.
= CNN news aro 1o 2011 €wc¢ 1o 2022
Mrmopeite va katefaoete ta apBpa ano 1o kaggle:

https://www.kaggle.com/datasets/hadasu92/cnn-articles-after-basic-
cleaning/data

H ocuAloyn ocac Ba mpemel va meplAapBavel tovAdaylotov 1.000 amnod avtd
To ApBpa.
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https://www.kaggle.com/datasets/hadasu92/cnn-articles-after-basic-cleaning/data
https://www.kaggle.com/datasets/hadasu92/cnn-articles-after-basic-cleaning/data

Epyaola

Avalntnon pe Agéetc kAeldia [80% tou Babuou]

Awavuopatikn Avalntnon [20% tou BaBuou]
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A
Epyaola
(a) AvaAuon KELLEVOU Kal KATOLOKEUN EUPETNPLOU.

H Lucene mapéxet tn Suvatotnta yw stemming, amaAoiwpny stop words,
ETLEKTOLON OCUVWVU LWV, KATT.

Kamoleg Asttoupyieg, onwe n dopBwon turnoypadikwyv Aabwv, A n EMEKTAcN
OKPWVUMWY, HUIopoUV va yivouv €eVOANOKTIKA KATA TN OLApKeEW 1TNG
avalntnong (TpomomnoLwvToc To EpwTNUA).

Ermtilé€te to €lbo¢ TG avaAluoncg mou Bewpeite kKatdAAnAo kot e€nyeiote tnv
ETLAOYN OO,
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Epyvaola

(B) Avagntnon

To cvoTNUA oo Ba IPETEL va uTtooTnpLLeL:

(a) avalntnon pe Ae€elg KAELWOLA KoL

(B) avalntnon mebdiov, dnAadn, epdavion opwv o cuyKekpLUEVa Ttedia (T.x.,

eniikedpaAida, cuyypadeac, nuepopnvia).

EmumpooBeta, TtO cvotnud oac Ba mpemnel va dlatnpel mAnpodopia amno tnv
Lotopia Twv avalntnoswv.

" JUYKEKPLUEVA, TO ovotnua Ba mpémel va amoBnkevel ta 20
nmponyoupeva spwinpata pallt pe Tt 5 mpwta apBpa NG
armavinong.

= XpNOLUOTIOLNOTE autn TNV MAnpodopla pe evav KatdAAnAo tpomo
wWOoTE va PeAtiwoete tnv avalntnon.



Epyaola
(v) Mapouoiaon AltoteAeopaTwWV.

To ovotnNUA cac Ba mpEmel va apoucLAlel Ta anoteAsopata o dlataén He
Baon tn ouvAdela TOUC HE TO EPWTINHA OMWCE QUTA UToAoyiletal amo tnv
Lucene.

ErunpooBeta, Oa mpemel

(1) Na mapouoialet ta anoteAéopoata ava 10.

(2) Na epdavitel Tic Aé€elc KAELOLA TOVIOUEVEC OTO OTTOTEAEC AL,

(3) Na rtapéxel tn duvatotnta avadlataéns TwV AMOTEAECUATWY aApafnTikd
e Baon tov titho Touc.
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Epyvaola

Atavuopatikn Avalntnon
2TOXOG €ival n umootnpLEn dtavuopatikng avalntnong.

O Baolkog Tpomog dlavuopatikig avalntnong mou unootnpilel n Lucene gival
n dnuioupyia evog dtavuopatog ava eyypado.

Av B€Aete, unopeite va Ywploete o eyypado oe pkpotepa tuRpata (chunks)

Kal va onuloupynoete Staviopata ywo outd, aAAd Ba xpelaotel Ok
Slaxeiplon ko dev Inteital.
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Epyvaola
Atavuopatikn Avalntnon

Oa TPEMEL MPwTa va dnuwoupynoste Stavuopata (embeddings) pe xprion
KATolou uTmapyxovtog Hovtedou (mx all-MiniLM-L6-v2 ) kal peta va ta
npooBeoete o avtiotowyo nedio oto supetriplo (KnnVectorField).

>Tn ouvexela, Ba dnuoupyeital embeddings yia kaBe gpwtnua Kat kot Oa
xpnotpornoleite to KnnVectorQuery yla tnv eneéepyacia Toug.

Xpnowun BLBAL0ONKkN yla tov uttoAoylopod twv embeddings: Deep Java Library
(DJL)
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Epyvaola

Oa Babpoloynbel kaL n evxpnotia TOU CUOTAATOC OOC.
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Epyvaola

®aon 1:

AUo otoyol:

(1) Eéoikeiwon pe t™n cuAdoyn

(2) Apxika Bnuata vAomoinong
(2a) Eykatdaotaon Lucene
(2b) ApxkoC oxebLaopoC

Tt Ba mapadwoeTe:

link otn github ceAida ou Ba nepLexel

(1) Nepypadn tng oculdoync kot tou Document (mowa fields)

(2) Mua cuvtopn (1-2 oeAidec) apxikn meplypadr TOU CUCTAMUOTOC



Epyvaola

daon 2:
2TOX0C: OAOKARPWON TNC EPYAOLOC

Ti Oa napadwoete

>tn github oeAilda:

MNepypadn tng epyaociag (keipevo)
Mnyoioc Kwdkog
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EpwtNOoELC;
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