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ALOOLKOOTLKAL

KataAnKtikec Huepopnvieg

= Asutépa 19 Anpihiov 2021, Z0vtoun nieptypadn oxedlaopou Kat cuAloyn
dedopévwy

= Aeutépa 24 Mailou 2021, Napadoon epyaoiag

" (npo)-TeAeutaia eBdoudada tou Mdiou, Mpodopikn E€ETaon epyaciog

OL KATAANKTLKEG NUEPOMNVLEG lval auoTnpEg, dev yivovtal OEKTEC apYOTIOPNUEVEC

nopadOCELC AOKNOEWV

Noapadoon pEow ecourse

"  TeAlkn epyaocia oto github
= 5-10’ zoom video

= H epyaoia pmopel va yivel o€ opAdEC EWE 2 ATOUWV.
" H epyaoia petpael o€ moocooto 50% oto Babuod cog oto padnua.
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Eloaywyn

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

Sl ucene




Eloaywyn

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
= PylLucene: a Python port of the Core project


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

Mrmopeite va tnv KateBaoete amno

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



Some features (indexing)

Scalable, high-performance indexing

= over 150GB/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



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)

= sorting by any field

= 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



>TOYOC TNC mapouaoioonc:
UVTIOMN ELoaywyn

cene
(TI0

Meplocotepec mAnpodoplec (mpoooxn KATOLA OTOLXELD

avadepovtal o€ aAlotepn €kdoaon)
= http://www.lucenetutorial.com/

O, G gt

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

edition
March 2021, Lucene 8.8.1

" Lucene 8.8.1 demo API (recommended for more up-to-date code
examples)
= offers simple example code to show the features of Lucene
= http://lucene.apache.org/core/8 8 1/core/overview-
summary.html#overview description
» Mnopeite va xpnolpomnoleiote maAalotepn version av BéAete

April 2020 update: Lucene 8.5.0
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http://www.lucenetutorial.com/
https://www.manning.com/books/lucene-in-action-second-edition
http://lucene.apache.org/core/8_8_1/core/overview-summary.html#overview_description
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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)
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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

" [ndexing 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.
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Lucene in a search system:
index



Steps
1.

2.
3.
4

Lucene in a search system: index

Acquire content
Build document
Analyze document

Build
docu ment

Index documents [
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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
= Complex software if scattered at various location, etc

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

Solr high performance search server built using Lucene Core, with XML/HTTP and

JSON/Python/Ruby APIs, hit highlighting, faceted search, caching, replication, and a web
admin interface.
https://solr.apache.org/

Competitor: Elasticsearch

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

different file types (such as PPT, XLS, and PDF)

For example latest release automating image captioning
http://tika.apache.org/


https://solr.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

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();

// INDEX: Store the index in memory: (yia tnv epyaocio da to anodnkevote oto Sloko — Vo SnutoupynUVel uta popd

otnv apxr)

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));
iwriter.addDocument(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

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

e 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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Epyaoia

O&pa: 2xedlaopoc Kat vAomoilnon evoc cuotipatoc avalntnong mAnpodopiog
OXETLKNC ME covid-19.

Brina 1: Anpovpyia cuAAoync¢ (corpus) amo oxetka apbpa.

Brina 2: YAomoilnon pog unxavn avolntnong autwyv Twv apbpwv.

2UYKEKPLUEVAL:

= O xpnotng Ba BETeL epwTAMATA.

= To ovotnua Ba enotpedel Ta cuvadn UE To epwTtnUa ApBpa TS cUANOYNC
oac o€ dlataén pe Baon tn cuvadeELa TOUG LE TO EPWTNLAL.

Ma tnv ulomoinon, Oa xpnoiwuomowote tn PBLBAoOAKkn Lucene



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();

//INDEX: Store the index in memory: (yio tnv epyacia Sa to amo¥nkevote oto dloko — Ga dSnutouvpyndel 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));
iwriter.addDocument(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.htmlparse(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

org.apache.lucene.analysis defines an abstract Analyzer API for converting text from
a Reader into a TokenStream, an enumeration of token Attributes.
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.

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, including FSDirectory, which
uses a file system directory to store files, and RAMDirectory which implements files
as memory-resident data structures.
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Summary: Lucene API packages

= 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.

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.
contains a few handy data structures and util classes, ie

FixedBitSet and PriorityQueue.
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Epyaoia

O&pa: 2xedlaopoc Kat vAomoilnon evoc cuotipatoc avalntnong mAnpodopiog
OXETLKNC ME covid-19.

Brina 1: Anpovpyia cuAAoync¢ (corpus) amo oxetka apbpa.

Brina 2: YAomoilnon pog unxavn avolntnong autwyv Twv apbpwv.

2UYKEKPLUEVAL:

= O xpnotng Ba BETeL epwTAMATA.

= To ovotnua Ba enotpedel Ta cuvadn UE To epwTtnUa ApBpa TS cUANOYNC
oac o€ dlataén pe Baon tn cuvadeELa TOUG LE TO EPWTNLAL.

Ma tnv ulomoinon, Oa xpnoiwuomowote tn PBLBAoOAKkn Lucene
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Ta prtAe ta urtootnpilel n Lucene
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Aedopeva Covid-19

Exete MOAAEC eTULAOYEC

" ‘Etolueg oUNOYEC

" EmAeypeva apBpa amo to web (ry wikipedia,
eldnoloypadla mpaKktopeia)

= Ano social media (twitter, reddit)



Aedopeva Covid-19: etolpec ouAoyecg -1

H Alota elvail evOELKTLKN), UTIAPXOUV TIAPA TIOAAEC TtNYEC, O€
XPELALETOL VO XPNOLUOTIOLELOTE KATIOLOL OTTO TLC TIOLPALKATW

https://www.semanticscholar.org/cord19

= EKTETAUEVN GUAAOYN ATTO ETLOTNMOVIKA ApBpa

= Eilval pEta-cuAAoyr), avadEPEL KoL TLC TTNYEC, UTTOPELTE VoL TIATE
anevbeioc og AUTEC

= [MoAU peyaAn, Oa mpeMeL va EMAEEETE LLKPO UTTOCUVOAO aTto Ta
apBpa
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https://www.semanticscholar.org/cord19

Aedopeva Covid-19: etoluec oUANOYEC -2

https://www.kaggle.com/datasets

H epwtnon covid divel 2.502 dtadopetika dataset — covid text
117, kArmoLa arno outd

= https://www.kaggle.com/allen-institute-for-ai/CORD-19-research-challenge
OTtWC KOLL TtPLV, LoWC TILo EUKOAO aTto €W

= https://www.kaggle.com/jannalipenkova/covid19-public-media-dataset
data scrapped amno online mnyeg

=  https://www.kaggle.com/gpreda/covid19-tweets
oUuA\oyn amno tweets (meplexopevo aAAd kot mAnpodopia yla Toug XpHoTeG)
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https://www.kaggle.com/gpreda/covid19-tweets

Aedopeva Covid-19: €toluec oUANOYEC -3

https://libguides.mit.edu/c.php?g=1017994&p=7465631

AKOUOL pLa pETa-cuAAoyn
= https://www.ncbi.nlm.nih.gov/research/coronavirus/
oUAAoyn armo epeuvnTIKA ApBpa
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https://www.ncbi.nlm.nih.gov/research/coronavirus/

Aebopeva Covid-19: cuAoyn ano web

Mrmopeite va cuAAEEeTe Ta kA ooag dedopeva
Mo mapadetypo ano tn wikipedia — xpnowpomnoteiote to search

ylo va Bpeite ta oxetika apBpa

Scraping pe xpnion Beautiful Soup

https://www.crummy.com/software/BeautifulSoup/bs4/doc/
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https://www.crummy.com/software/BeautifulSoup/bs4/doc/

Aedopueva Covid-19: cuAoyn amno social media

Noapexouv API
= Reddit

= Twitter



Epvaola

AvaAuon KELHEVOU KOl KATOLOKEUN evupetnpiov. H Lucene
nopexeL tn duvatotnta yla stemming, amadoidn stop words,
ETIEKTOON CUVWVUHWYV, KATT.

Entlong, kamoleg Asttoupyieg, onwe n S1opOwaon tumoypaodLlkwy
AaBwv, N N EMEKTAON AKPWVUUWV, UTTOPOUV va Yivouv
EVOAAQKTLKA KATA TN Slapkela tng avalntnong (Ttpomomotwviog
TO EPWTNHQL).

Ertide€te to €ldoc tng avaluong mou Bewpeite katdAAnAo Ko
e&nyeiote TNV emtloyn oac.



Epvaola

Avalntnon. To cuotnua PETMEL va uTtootnpilel avalntnon
apBpwv pe Ae€elc KAeLOLAL.

Entionc:

(1) Na untootnpilel ko dAda (6N epwtnoswy, eldKA avalntnon
nedlou, dSnAadn, tnv epdavion opwv o€ cuykekpLpeva rtedia (ry.
oTtovV T(tAo).

(2) Alatnpeiote mAnpodopla yia tnv otopia twv avalntnoewv.
Xpnolpomnoleiote authVv tnv MAnpodopia yLo va TTPOTELVETE

EVOAAQKTLKA EpWTAMOTAL.

(3) Xpnon embedding ywa Bektiwon tng avalntnon.
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Epvaola

Mapovoioacn AnoteAeocpatwv. To cUCTNO COC TIPETIEL VOl
noapouoLalel Ta amoteAsopata o dtataén pe faon th cuvadela
TOUC LE TO EPWTNHAL.

(1) Na mapouotalel ta amoteAeopota ava 10, pe dSuvatotnta oto
XPNOTN VO TIPOXWPNOCEL OTA EMOUEVAL.

(2) Ot Ag€eLc kKAeldLa va TtapoucLlal{oviolL TOVIOUEVEC OTO
QTOTEAEC QL.

(3) Auvatotnta opadormnoinong Twv anoteAeopdTwy pe Baon
KAroLo kpttnplo (my, cuvaiocOnua (sentiment), tnv Twun KamoLou
niediov (m.x., xpovo dnuooisuonc), kKAm).



Epvaola

®aon 1:

AUo otoyol:

(1) Anutoupyia tng cuAAoyn¢

(1a) Ao T Oa amoteAeital n cuAAoyn cag

(1B) Malepa evog LkavormolnTtkoU TTooooToU TwV YypAdwV TNG
oUAAOYNG

(2) Apxiko¢ Bnuata uAoroinoncg

(2a) Eykataotaon Lucene

(2b) ApxKOC oXeOLAOUOC

Tt Ba mopadwoete:

link otn github ceAida ou Ba epLexet

(1) Mepypadn TN cuAAOYNC Kal Koo armo ta Sedopeva

(2) Mua oUvtoun (1-2 oeAidec) apyikn meplypodr TOU CUCTAUOTOC



Epvaola

daon 2:
2 TOXOC:
OAokAnpwaon tne Epyaoiog

Ti Oa napadwoete

(otn github oeAiba)

Nepypadn NG epyaoiog (keipevo)
Mnyaioc kwoKag

5’-10’ video (demo)
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EpwtnoeLc;



