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Day 2 

•  Part 1 
•  Ontologies and NLP 
•  Research developed in these areas 

•  Part 2 
•  Hands on   
•  Task: Named entity recognition 

 



Word Embeddings 
Words are complicated 

Let’s do it with numbers 



Word Embeddings 

“Mathfication” 

of  semantics 



BANCO 











BANCO WE 





Ambiguidade 



O que é um 
“banco”? 



Depende 



Pesquisa 
●  Estudar polissemia em word embeddings 
●  Amenizar o efeito de polissemia em vetores de palavras 

●  Voltamos aos métodos simbólicos 



 

 Ontologies for NLP  
NLP for Ontologies 

 



Overview 

•  Introduction 

•  NLP for Ontologies 

•  Ontologies for NLP 

•  Related research (6 PhD Thesis) 

 



Introduction 

We think, talk, write, store and share 

A lot more to think about (and much to read) 

We think about the way we think and talk to  build machines 
to help us communicating 



From the same  
fundamental principles 



NLP x Ontologies 



NLP x Ontologies 

•  How do they converge, need/influence each other? 
•  NLP for building ontologies from textual knowledge 

•  Ontologies to make more semantically oriented NLP 



NLP for Ontologies 
Ontology extraction/learning from texts 



Ontologies  

•  Spectrum 
•  Terms 

•  Glossary 

•  Thesaurus (narrower term) 

•  Is-a hierarchies 

•  Properties 

•  Instances 

•  Logical constraints 

•  Axioms 

wiki.opensemanticframework.org 

SEMANTICS 



Ontology learning from text 

•  Ontology components - NLP 
•  Concepts – term extraction 

•  Hierarchy – is-a relation  

•  Properties – other relations 

•  Instances – named entities 

•  Basic NLP needed for ontology learning 
•  POS tagging (word classes: verbs, nouns, adjectives, etc.) 

•  Parsing (word groups: noun phrases, verb phrases, etc.) 

•  PLUS – statistical processing and machine learning 



Basic NLP: POS and Parsing 

Ronaldo Lemos, diretor do Creative Commons aprovou ontem …. 

 
 Ronaldo Lemos        PROP  

 diretor           N  

 de     PRP                   Noun Phrase 

 o    DET    

 Creative Commons PROP    



NLP for Ontologies 
Related research at PUCRS 



NLP for Ontologies 

•  Ontology learning layer by layer 
•  Concepts (Lucelene Lopes) 

•  Hierarchy 

•  Properties 

•  Instances 



Concept Extraction 

•  Input: Parsed Corpora 

•  Term Extraction 

•  Relevance Computation 

•  Concept Identification 

•  Resources Generation 
•  Lists 
•  Concordancer 
•  Clouds 
•  Hierarchies 



ExATOlp – Portuguese term extraction 
 



Extraction Heuristics 

Nosso petróleo é uma riqueza mineral e 
abundante, considerando depósitos marinhos. 

 



Extracted Term Lists 

Statistically chosen relevant terms according to tf-dcf  index 
(using contrastive corpora) 



Evaluation of  the new 
proposed relevance index 

Pediatric corpus and reference lists - 15% of  the extracted terms 



Proposed Index – tf-dcf  

Top ranked bigrams for Pediatrics corpus 



Concordancer 

Terms occurrences with context information 



Concept Clouds 

Representation 
according to 

relevance 



Hierarchies 

•  Some hierarchical relations are also given by the tool 
•  Semantic classes (parser) 

•  Noun phrase structure 
•  Arenito 

•  Arenito maciço 



Concept Hierarchies 
 Based on NP structure: head modifiers 



Concept Hierarchies 
 Based on the semantic classes provided by the parser Based on semantic categories 



References 

Lopes, L. Extração Automática de Conceitos a partir de Textos em 
Língua Portuguesa - Tese de Doutorado. Porto Alegre: PUCRS, 2012. 

Lopes, L. ; Fernandes, P. H. L. ; Vieira, R . Estimating term domain 
relevance through term frequency, disjoint corpora frequency - tf-dcf. 
Knowledge-Based Systems, 2016. 



NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchy (Roger Granada) 

•  Properties 

•  Instances 



Hierarchy 
PhD Student Roger Granada 

•  Comparison of  several methods of  hierarchy 
extraction from texts 

 - 2 Rule-based methods  

 - 2 Statistical-based methods  



Lexico-syntactic	patterns 
 
“…os	vários	ambientes	que	compõem	
os	rios,	tais	como	planícies	de	
inundação,	canais,	macroformas	e	
depósitos	de	transbordamento.” 

Head	modifier	
	
Arenito	

	arenito	aeolico	
	arenito	macico 

Hierarchical	clustering 

A B C D E 

DE BC 

ABC 

ABCDE 
Co-occurrence	analysis 
 
A	term	x	subsumes	y	if	the	documents	in	
which	y	occurs	are	a	subset	of	the	
documents	in	which	x	occurs. 
 
P(x|y)	>	P(y|x)	and	P(x|y)	>	threshold 

Clusters	are	
generated	
based	on	the	
contexts	of	
each	word 

Hierarchy extraction 



Hierarchy extraction 

Lexico-syntactic	patterns 
 
Only	extracts	relations	inside	the	same	
phrase.		
 
High	precision,	low	recall 

Co-occurrence	analysis 
 
Uses	the	co-occurrence	of	terms	in	
documents,	generates	relations	even	if	
the	terms	are	not	semantic	related. 
 
Low	precision,	high	recall 

Head	modifier 
 
Only	extracts	relations	inside	a	noun	
phrase.		
	
High	precision,	low	recall 

Hierarchical	clustering 
 
Uses	contexts	to	extract	relations. 
May	generate	other	semantic	relations,	
like	synonymy,	meronymy,	etc. 
 
Low	precision,	high	recall 



Parallel corpus 
 

       Europarl 
       (English) 

 
       Europarl 
       (Portuguese) 

 
Extraction Method 

 
 
 
 
 
 

Patterns 
Head-modifier 
Hierarchical 
Clustering 

Co-occurrence 
 
 
 
 
 
 
 
 

Comparable corpus 
 

       Geology 
       (English) 

 
       Geology 
       (Portuguese) 

 

Domain  
experts 

Results 

Hierarchy extraction 



References 

Granada, R. Evaluation of  Methods for Taxonomic Relation Extraction 
from Text. PhD Thesis, Porto Alegre:PUCRS, 2015. 



NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchy 

•  Properties/Relations (Sandra Collovini) 

•  Instances 



Relation Extraction 
 

Explicit relations between entities: 

restricted by relation type; by entity type; open  

 

Organization 

Location 

Person 

Founder-of  
Employee-of   

Located at 
Headquarters  



 ORG-PES   

Relation Extraction 

Relation Instances Relation  
Descriptor 

Fernando Gomes, presidente da Câmara Municipal do 
Porto 
 
Fernando Gomes, president of  the Câmara Municipal do Porto 

presidente da  
 
(president of the) 

A Legião da Boa Vontade, instituição educacional, cultural 
e beneficiente, foi fundada pelo jornalista Alziro Zarur  
 
Legião da Boa Vontade, an educational, cultural and beneficent 
institution, was founded by jornalist Alziro Zarur 

foi fundada pelo 
 
 
(was founded by) 



ORG-LOCAL   

Relation Extraction 

Relation Instances Relation  
Descriptor 

Hospital de São João, no Porto 
 
Hospital de São João, at  Porto  

no 
 
(at) 

Departamento Municipal de Limpeza Urbana de Porto Alegre 
 
 Departamento Municipal de Limpeza Urbana of Porto Alegre   

de 
 
(of) 



Relation Extraction 

Ronaldo Lemos, diretor do Creative Commons 

Ronaldo Lemos   <hum>  PROP  @SUBJ> 
diretor    <Hprof>  N  @N<PRED  
de   PRP  @N<  
o  ART @>N  
Creative Commons  <org>  PROP  @P<  

Ronaldo_Lemos     <PROP, PER> 
Creative_Commons<PROP, ORG> 

(Ronaldo_Lemos, diretor-de, Creative_Common) 

Annotated corpus with Features  



References 
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1http://www.linguateca.pt/  



NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchy 

•  Properties 

•  Instances (Named entities/Daniela Amaral, Evandro 
Fonseca) 



      The input/output vector  

      A opinião é do agrônomo Miguel Guerra da UFSC...”  
                                        O, O, O, O, O, PESS PESS, O, LOCAL… 

Named Entity Recognition 



Features  

the word itself  

POS tag   

the word begins contains lowercase or uppercase 

the previous/next word contains lowercase or uppercase 

Named Entity Recognition  



Geology domain 



Portuguese geo entities corpus 

 
 

 
 
 

 

 

Classes Entidades Geológicas 

Eon 
Era 
Período 
Época 
Idade  
Rocha Sedimentar Siliciclásitica 
Rocha Sedimentar Carbonática 
Rocha Sedimentar Química 
Rocha Sedimentar Orgânica 
Bacia Sedimentar 
Contexto Geológico de Bacia 
Unidade Litoestratigráfica 
Outro 

288 
326 
637 
650 
796 
743 
240 
5 
22 
243 
262 
581 
739 
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Co-reference resolution 
 



Correferece 

•  Corpus annotation 
•  Linguistic information 
•  Summ-it 

•  Pos, syntax, correference chains, text summaries 



Co-reference resolution 

Same entity: 
 

[NP: Guerra ]  

[NP: o agrônomo ]  

[NP: Miguel_Guerra ]  

[NP: o agrônomo ]  



Correference and Semantics 

•  Semantic bases for matching entities 
•  o dinossauro 
•  o animal 

•  pessoas plugadas 
•  vizinhos conectados 



Correference  tool 
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Ontologies for NLP 
 

Improving NLP with richer semantics 
 
 



Ontologies for NLP 

•  Semantics 

•  A play is a type of  book, has an author, has a language 

https://www.ibm.com/developerworks/community/blogs/nlp/entry/ontology_driven_nlp?lang=en 



Lexicon x Ontologies 

•  NLP: is based on lexicons 

•   Lexicon: conventional inventory of  words  

•  Ontology formalizes concepts and their logical 
relations 

•  Computational linguistics used to accurately map 
the relations between words and the concepts that 
they can be linked to 

•  Integration between lexical and semantic resources  



Lexicon x Ontologies 

•  WordNet 
•  Semantic lexical database widely used in NLP 

•  Projects for linking upper level ontologies and 
WordNet 
•  SUMO  

•  DOLCE  

•  Current project in linking domain ontologies to top 
ontologies via WordNet 



Ontologies for NLP 
 

Related research 



•  Sentiment Analysis  to infer people's  
 
-  opinions, 
-  sentiments  
-  evaluations 
-  emotions  

towards entities or their aspects (parts and attributes) 
 
 

Ontology based Sentiment Analysis in 
Aspect Level (Larissa Freitas) 



•  HOntology1 is a multilingual (English, Portuguese, Spanish and French) 
ontology for the hotel domain 
 
 
 
 
 
 
 
 
 

 
 

1http://ontolp.inf.pucrs.br/Recursos/downloads-Hontology.php 

HOntology 



Ontology based Sentiment Analysis in 
Aspect Level 

•  Explict and Implicit Aspect 

 
 “Os quartos e banheiros são bons”  

 
 
 
   “Apesar da taxa de estacionamento ser salgada” 

 
 
 
 
 
 

Explicity - Rooms 

Implicit  -  Value 



References 

 

Freitas, L. A. ; Vieira, R. Ontology based Feature-Level Sentiment 
Analysis in Portuguese Reviews. International Journal of  Business 
Information Systems, 2019.  
 
Freitas, L. A. Feature-level sentiment analysis applied to brazilian 
portuguese reviews.  PhD Thesis, Porto Alegre: PUCRS, 2015. 
 
 
 



Conclusion 



Language industry 

•  Chat bots 



Dandelion API  
Semantic Text Analytics 

•  The entire analytical process takes just a few minutes 
and:  
•  It identifies mentions of  banks in official company 

documents;  

•  Effectively disambiguates these mentions to link them 
to the correct bank (banks may have similar-sounding 
names and the same bank may have more than one 
name);  



 
Dandelion API 

Semantic Text Analytics 
 •  The entire analytical process takes just a few minutes and:  

•  Identifies which kind of  relationship a company has with a 
bank (is it some kind of  shareholding? A current account? A 
loan? Which of  the many different kind of  loans?);  



Machine communication 

 



NLP and Ontologies are the 
basis 

 



Technological evolution is also 
human evolution 



Challenges 

 

•  Considering Portuguese is relevant/strategic 

•  Multidisciplinary approach is required 
•  Linguistic knowledge 
•  Mathematical models 
•  Humanities 
 



Such is the complexity of  
human communication 

metaphor 
irony 

intonation 

previous  
knowledge 

cultural 
background 

literacy 



Pensamos e falamos  

Colocamos os pensamentos no mundo 

Escrevemos, armazenamos e compartilhamos 

Criamos mais sobre o que pensar  

E há muito para ler 

Pensamos sobre a maneira como pensamos e falamos 

E assim construimos maquinas para nos ajudar a comunicar 

E mudamos nossa forma de pensar, de falar e de comunicar 


