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Introduction 

We think and we talk 

We put thoughts out of  the head in the world  

We write, store and share 

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

We think about the way we think and talk 

We build machines to help us communicating 



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 



Ontology learning from text 

•  Ontology components - NLP 
•  Concepts – term extraction 

•  Hierarchies – 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 



POS and Parsing 

Ronaldo Lemos, diretor do Creative Commons aprovou ontem …. 

POS:      PARSING: 

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, PosDoc) 

•  Hierarchies 

•  Properties 

•  Instances 



Concept Extraction 
PosDoc Lucelene Lopes 

•  Input: Parsed Corpora 

•  Term Extraction  
•  (NP + filters) 

•  Relevance Computation 
•  Concept Identification 

•  Concepts visualization 
•  Lists 
•  Concordancer 
•  Clouds 
•  Hierarchies 



Term Extraction Heuristics 

Geology corpus: 

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



Relevance computation 

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



Evaluation of  the proposed 
relevance index tf-dcf  

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 

uni,bi and trigrams 



Hierarchies 

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

•  Noun phrase structure 
•  Arenito 

•  Arenito maciço 



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

Palavras semantic categories 
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NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchies (Roger Granada, PhD student) 

•  Properties 

•  Instances 



Hierarchies 
PhD Student Roger Granada 

•  Comparison of  several methods of  hierarchy 
extraction from texts 

 - 2 Rule-based methods  

 - 2 Statistical-based methods  



Lexico-­‐syntac-c	
  pa0erns 
 
“…os	
  vários	
  ambientes	
  que	
  compõem	
  
os	
  rios,	
  tais	
  como	
  planícies	
  de	
  
inundação,	
  canais,	
  macroformas	
  e	
  
depósitos	
  de	
  transbordamento.” 

Head	
  modifier	
  
	
  
Arenito	
  

	
  arenito	
  eolico	
  
	
  arenito	
  maciço	
  

	
  

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 
methods 



Hierarchy extraction 
methods 

Lexico-­‐syntac-c	
  pa0erns 
 
Only	
  extracts	
  rela-ons	
  inside	
  the	
  same	
  
phrase.	
  	
  
 
High	
  precision,	
  low	
  recall 

Co-­‐occurrence	
  analysis 
 
Uses	
  the	
  co-­‐occurrence	
  of	
  terms	
  in	
  
documents,	
  generates	
  rela-ons	
  even	
  if	
  
the	
  terms	
  are	
  not	
  seman-c	
  related. 
 
Low	
  precision,	
  high	
  recall 

Head	
  modifier 
 
Only	
  extracts	
  rela-ons	
  inside	
  a	
  noun	
  
phrase.	
  	
  
	
  
High	
  precision,	
  low	
  recall 

Hierarchical	
  clustering 
 
Uses	
  contexts	
  to	
  extract	
  rela-ons. 
May	
  generate	
  other	
  seman-c	
  rela-ons,	
  
like	
  synonymy,	
  meronymy,	
  etc. 
 
Low	
  precision,	
  high	
  recall 



Parallel corpus 
 

       Europarl 
       (English) 

 
       Europarl 
       (Portuguese) 

 
Extraction Methods 

 
 
 
 
 
 

Patterns 
Head-modifier 
Hierarchical 
Clustering 

Co-occurrence 
 
 
 
 
 
 
 
 

Comparable corpus 
 

       Geology 
       (English) 

 
       Geology 
       (Portuguese) 

 

Domain  
experts 

Results 

Evaluation 
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NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchies 

•  Properties/Relations (Sandra Collovini, PosDoc) 

•  Instances 



Relation Extraction 
PosDoc Sandra Collovini 

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 Descriptors 

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

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 



ORG-LOCAL   

Relation Extraction 

Relation Descriptors 

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

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



Relation Extraction 

•  Resources 
•  Palavras parser 

•  HAREM’s Golden Collections for NER 

•  Manual annotation of  the Relations between NE 

1http://www.linguateca.pt/  



HAREM’s Golden Collections1 for Entities Recognition 

 

Ronaldo Lemos, diretor do Creative Commons 
 

<EM ID=“ric-13” CATEG="PESSOA” >Ronaldo Lemos<EM>,  diretor do 

<EM ID=“ric-14” CATEG="ORGANIZACAO” >Creative Commons<EM> 

Relation Extraction 

1http://www.linguateca.pt/  



Manual annotation of  the relations between NEs 
     

Ronaldo_Lemos   ,     diretor      do     Creative_Commons 

[              O           O        REL     REL                 O                ] 

Relation Extraction 



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  
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NLP for Ontologies 

•  Ontology learning 
•  Concepts 

•  Hierarchies 

•  Properties 

•  Instances  
•  Named entities/Daniela Amaral, PhD student 

•  Co-reference Evandro Fonseca, PhD student 



Named entities 
PhD Student Daniela Amaral 



 

• 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  

1)  ‘word’: the word itself; 

2)  ‘tag’: POS of  each word;  

3)  ‘ini’: the word begins contains lowercase or uppercase; 

4)  ‘prevCap/nextCap’: the previous/next word contains 
lowercase or uppercase; 

5)  ... 

Named Entity Recognition  
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{'nextCap': 'min', 'word': 'opinião', 'prevCap': 'max', 'tag': 'n', 'ini': 'min'}  
  
{'nextCap': 'min', 'word': 'é', 'prevCap': 'min', 'tag': ’v', 'ini': 'min'} 
 
{'nextCap': 'min', 'word': ‘do', 'prevCap': 'min', 'tag': 'prp', 'ini': 'min'} 
 
.... 



•  Evaluation 
•  Evaluation tool: SAHARA 

•  Reference: Golden Collection of  Second HAREM 

•  Criteria:  
•  Training corpus: Golden Collection of  First HAREM 

•  Test corpus: Golden Collection of  Second HAREM 

•  Ten categories: Person, Place, Organization, Value, 
Abstraction, Time, Work, Event, Thing, Other. 

 

 

 

Named Entity Recognition 



•  Results of  CRF-NERP compared with systems 

 

 

Named Entity Recognition 



Co-reference resolution 
PhD Student Evandro Fonseca 



Co-reference resolution 

A opinião é do agrônomo Miguel Guerra, da UFSC (Universidade 
Federal de Santa Catarina). 

Parser output (CoGrOO): 

 
[NP: A opinião ]  
[VP: é ]  
[PP: de ]  
[NP: o agrônomo ]  
[NP: Miguel_Guerra ]  
[PP: de ] 
[NP: a UFSC ]  
[NP:Universidade_Federal_de_Santa_Catarina ]  

•      



Co-reference resolution 

Guerra participou do debate "Biotecnologia para uma Agricultura 
Sustentável", realizado ontem Para o agrônomo… 

Parser output (CoGrOO): 

 
[NP: Guerra ]  
[VP: participou ]  
[PP: de ]  
[NP: o debate ]  
[NP: Biotecnologia ]  
[PP: para ]  
[NP: uma Agricultura_Sustentável " ]  
[PP: Para ]  
[NP: o agrônomo ]  



Co-reference resolution 

Same entity: 
 

[NP: Guerra ]  

[NP: o agrônomo ]  

[NP: Miguel_Guerra ]  

[NP: o agrônomo ]  



Co-reference resolution 

•  Portuguese corpora and tool: 
• Harem corpus 

•   Summ-it corpus  
•   CoGroo parser 
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Common problems in all levels 

•  Both ML and rule based systems require some basic 
linguistic pre-processing 
•  POS, parsing 

•  For machine learning – define a relevant set of  
features 

•  Usually annotated corpus is considered as input or/
and as output for evaluation 
•  sometimes they are available, others not 

 



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 

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



Google x entity recognition 



Ontologies spectrum 

•  Spectrum 
•  Terms 

•  Glossary 

•  Thesaurus (narrower term) 

•  Is-a hierarchies 

•  Properties 

•  Instances 

•  Logical constraints 

•  Axioms 

wiki.opensemanticframework.org 

NLP: LEXICON 



Lexicon x Ontologies 

•  NLP: has always be based on lexicons  
•  dictionary of  language tokens 
•  conventional inventory of  words  

•  Ontology formalizes concepts and their logical 
relations 

•  Computational linguists must be able to accurately 
map the relations between words and the concepts 
that they can be linked to 

•  Integration between lexical and semantic resources  

http://www.cambridge.org/us/academic/subjects/languages-linguistics/ 
computational-linguistics/ontology-and-lexicon-natural-language-processing-perspective?format=AR 



Lexicon x Ontologies 

•  WordNet 
•  Semantic lexical database widely used in NLP 



WordNet 

•  Projects for linking upper level ontologies and 
WordNet 
•  SUMO  

•  DOLCE  

 

http://www.cambridge.org/us/academic/subjects/languages-linguistics/ 
computational-linguistics/ontology-and-lexicon-natural-language-processing-perspective?format=AR 



Lexicon x Ontologies 
Portuguese 

•  Open WN-PT 

•  Onto.PT 

•  Onto.LP 

•  Can we link them to SUMO and DOLCE? 



Ontologies for NLP 
 

Related research at PUCRS 



Ontologies for Sentiment Analysis 
Phd Student Larissa Freitas 

•  Sentiment Analysis is the field of  study that analyzes 
people's opinions, sentiments, evaluations, appraisals, 
attitudes, and emotions towards entities. 

•   The term aspect or feature is used to denote parts and 
attributes of  an entity. 

•  An ontology formally represents knowledge (entities 
and aspects) as a hierarchy of  concepts within a 
domain. 



•   HOntology1 is first multilingual (English, Portuguese, Spanish and 
French) ontology for hotel domain in OWL format. 
 
 
 
 
 
 
 
 
 

 
 

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

HOntology 



Ontology based Sentiment Analysis in 
Aspect Level 

•  Explict and Implicit Aspects 

 
 “Os quartos e banheiros são bons”  

 
 
 
   “ As camas são novas”: Room 

 “Apesar da taxa de estacionamento ser salgada”: Value 

 
 
 
 
 
 

Explicit - Ontology Concepts 

Implicit – Ontology relations   



•  Manual Annotation 
•  Polarity of  explicit aspects 
•  Implicit aspects 
•  Polarity of  implicit aspect 

Ontology based Sentiment Analysis in 
Aspect Level 
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Portuguese 

•  Tools 
•  LX-Center, FreeLing, Cogroo, Palavras 
•  Much better than when I started in 1998 

•  Semantic resources ? 
•  Some (as Hontology) 
•  Onto.PT, Open WN-PT, Onto.LP 
•  Multilinguality for ontology x lexicon linking? 

•  Annotated corpora 
•  Harem, Summit, CSTNews 

•  How to build more resources from what is available? 



Language resources collaboratively constructed: 
Wikipedia (TorPorEsp 2014)   
MsC Student Cristofer Weber  

•  Title: Brasil (pt.wikipedia.org/wiki/Brasil) 

•  Hyperlinks: país, América do Sul, América Latina, quinto maior do 
mundo em área territorial, população 

•  Named entities: América do Sul, América Latina 



Language resources collaboratively constructed: Wikipedia 
  

DBpedia Instance IRI Instance Class 
http://pt.dbpedia.org/resource/Brasil Country 

http://pt.dbpedia.org/resource/País Thing 

http://pt.dbpedia.org/resource/América_do_Sul AdministrativeRegion 

http://pt.dbpedia.org/resource/América_Latina AdministrativeRegion 

Wikipedia URI DBpedia Instance IRI 
http://pt.wikipedia.org/wiki/Brasil http://pt.dbpedia.org/resource/Brasil 

http://pt.wikipedia.org/wiki/País http://pt.dbpedia.org/resource/País 

http://pt.wikipedia.org/wiki/
América_do_Sul 

http://pt.dbpedia.org/resource/América_do_Sul 

http://pt.wikipedia.org/wiki/América_Latina http://pt.dbpedia.org/resource/América_Latina 



Applications 
Sentiment analysis  

Hotel reviews 

 
Profile generation 

University courses 

Post-graduation program 

 





A Tool for Entity Profiling 
Through Corpora Extraction 



We think and we talk 
We put thoughts out of  the head in the world  

We write, store and share 
A lot more things to think about (and much too read) 

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

Thanks! 


