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Ontology Learning 

•  “Ontology Learning is a subtask of information extraction. The 
goal of ontology learning is to (semi-)automatically extract 
relevant concepts and relations from a given corpus or other 
kinds of data sets to form an Ontology.”* 

•  “Ontology Learning is a mechanism for semi-automatically 
supporting the ontology engineer in engineering ontologies.”** 

•  “Ontology Learning aims at the integration of a multitude of 
disciplines in order to facilitate the construction of ontologies, 
in particular ontology engineering and machine learning.”*** 

3	
  

** A. D. Mädche. Ontology Learning for the Semantic Web. Dissertation. Universität Karlsruhe, 2001 
* Wikipedia 2008/12/15: http://en.wikipedia.org/wiki/Ontology_learning 

*** A. D. Mädche, S. Staab. Ontology Learning. Handbook of Ontologies in Information Systems, 2004 
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Classification of Ontology Learning Data 

Semi-structured 
Data 

Ontologies 

Linguistic 
Ontologies 

(e.g. WordNet) 

esauri 

Schemata 

Database 
Schemata 

Web 
Schemata 

Relational 
Model 

ER OO 

DTD XML 
Schema 

Instances 

Database 
Instances 

Knowledge  
Base Instances 

Natural Language 
Documents 

Pure Natural 
Language Text 

Documents with 
Semi-structured 

Information 

Dictionaries 

[Mädche	
  2001]	
  

Heterogeneous	
  sources	
  of	
  evidence	
  	
  
(e.g.,	
  hyponymy	
  [Snow	
  et	
  al.	
  2006],	
  subsump?on	
  [Cimiano	
  et	
  al.	
  

2005],	
  [Manzano-­‐Macho	
  et	
  al.	
  2008],	
  [Buitelaar	
  et	
  al.	
  2008],	
  
disjointness	
  [Völker	
  et	
  al.	
  2007])	
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Dimensions 

Elements Learned Evaluation Results Starting Point Preprocess 

Method 
Evaluation 

Result 
Evaluation 

Prior 
Knowledge 

Base 
Ontology 

Base 
Lexicon 

Input 

Language Type 

Learning Method 

Task Category Approach Degree of 
Automation 

Supervised/ 
Unsupervised 

Online/ 
Offline 

Concept Relation Axiom 

Instances 

Taxonomic 

Non-Taxonomic 

Syntactic/ 
ematic Roles 

Text 
Processing 

Shallow 
Processing 

Deep 
Understanding 

Intermediate 
Structures 

Ontology 

Type 
Structure/ 
Topology 

Representation 
Language 

Statistical 
Logical 

Linguistic 
Based 

Pattern/Template 
Matching 

Combined 

Classi#cation 

Clustering 

Rule 
Learning 

Concept 
Formation 

Ontology 
Population 

Automatic Semi-automatic/ 
Cooperative 

User Intervention 

[Shamsfard,	
  Barforoush	
  2003]	
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2  Ontology Learning from Text 

Terms	
  river,	
  country,	
  na?on,	
  city,	
  capital	
  …	
  

Synonyms	
  {country,	
  na?on}	
  

Concepts	
  c	
  :=	
  country	
  :=	
  <	
  i(c),	
  ||c||,	
  Refc(c)	
  >	
  

Concept	
  Hierarchy	
  capital	
  ≤c	
  city,	
  city	
  ≤c	
  geopoli?cal_en?ty	
  

Rela?ons	
  flow_through(	
  domain:river,	
  range:geopoli?cal_en?ty	
  )	
  

Rela?on	
  Hierarchy	
  capital_of	
  ≤R	
  located_in	
  

Axiom	
  Schemata	
  disjoint(	
  river,	
  mountain	
  )	
  

General	
  Axioms	
  ∀x	
  (	
  country(x)	
  →	
  ∃y	
  capital_of(y,x)	
  ∧∀z	
  (	
  capital_of(z,x)	
  →	
  y=z	
  )	
  )	
  

„Ontology	
  Learning	
  Layer	
  Cake“	
  [Cimiano	
  2006]	
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2.1  Approaches 

•  Classification [Zhou 2007] 
– Learning units: word, term (single or multi-word units) 
– Learning targets: concept, relation, definition, axiom 
– Learning strategies: statistics-based (e.g. clustering), 
rule-based (e.g. ILP), hybrid (e.g. patterns) 

– Knowledge support: knowledge-rich (e.g. ontologies, 
WordNet), knowledge-lean (e.g. co-occurrences) 

– Data sources: document collection, web, dictionary, 
user interaction (e.g. games with a purpose) 
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Patterns [Hearst 1992] 
•  such NP as {NP,}* {or¦and} NP 

–  „such games as baseball and cricket“  
•  NP {,NP}* {,} {and¦or} other NP 

–  „rabbits and other animals“ 
–  but: „rabbits and other pets“ 

•  NP {,} including {NP,}* {or¦and} NP 
–  „fruits including apples and pears“ 

•  NP {,} especially {NP,}* {or¦and} NP 
–  „Europeans, especially Italians“ 
–  but: „US presidents, especially democrats“ 

class	
  subsump6on	
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Patterns [Ogata and Collier 2004] 
•  NP is a NP  

–  „A kangaroo is an animal living in Australia.“ 
•  a NP {named¦called} NP 

–  „Japanese people like to play a game called Go.“ 
•  NP, NP 

–  „Sencha, the most popular tea in Japan, ...“ 
•  NP. The NP  

–  „John loves his Ferrari. The car ...“ 
•  NP and other NP  

–  „universities and other institutions“ 
•  NP such as NP  

–  „sports such as tennis“ 
•  Among NP, NP 

–  „Among all musical instruments, violins are ...“  
•  NP {except for¦other than} NP  

–  „Employees except for managers suffer from ...“ 

class	
  subsump6on	
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Example: JAPE Rule 
rule: Hearst_1 
( 
 (NounPhrase):superconcept 
 {SpaceToken.kind == space} 
 {Token.string=="such"} 
 {SpaceToken.kind == space} 
 {Token.string=="as"} 
 {SpaceToken.kind == space} 
 (NounPhrase):subconcept 
):hearst1 
--> 
:hearst1.SubclassOfRelation = { rule = "Hearst1" }, 
:subconcept.Domain = { rule = "Hearst1" }, 
:superconcept.Range = { rule = "Hearst1" } 
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Lexical Context Similarity 

•  „Columbus is the capital of the state of 
Ohio. Columbus has a population of about 
700,000 inhabitants.“ 
– Columbus ( capital (1), state (1), Ohio (1), 
population (1), inhabitant (1) ) 

•  City ( country (2), state (1), inhabitant (2),      
mayor (1), attraction (1) ) 

•  Explorer ( ship (1), sailor (2), discovery (1) ) 

class	
  membership	
  

see,	
  for	
  example	
  [Cimiano	
  and	
  Völker	
  2005]	
  

„most	
  probably“:	
  City(	
  Columbus	
  )	
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Subcategorization Frames 

•  Tina drives a Ford. 
– Person( Tina ). Vehicle( Ford ). 

•  Her father drives a bus. 
– Father subclass-of Person 
– Bus subclass-of Vehicle 

•  subcat: drive( subj: person, obj: vehicle ) 

object	
  proper6es	
  

Person � ∀drive.V ehicle

e.g.	
  [Faure	
  and	
  Nédellec	
  1998],	
  [Schutz	
  and	
  Buitelaar	
  2005]	
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Other approaches, e.g., 
•  Association rules and co-occurrence statistics 
•  WordNet: hyponymy ≈ subsumption 

–  hyponym( bank#1‚ institution#1 ) 
– Bank subclass-of Institution 

•  Noun phrase heuristics 
–  „image processing software“	
  

•  Instance clustering (e.g. Columbus and Washington) 
– Hierarchical clustering of context vectors 

•  Formal Concept Analysis (FCA) 
–  breathe_subj( animal	
  ) 
–  breathe_subj( human ), speak_subj( human ) 
– Human subclass-of Animal 
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Tools and Frameworks 
Framework	
   Ins?tu?on	
   Reference	
  

ASIUM	
   INRIA,	
  Jouy-­‐en-­‐Josas	
   Faure	
  and	
  Nedellec	
  1999	
  

TextToOnto	
   AIFB,	
  University	
  of	
  Karlsruhe	
   Mädche	
  and	
  Volz	
  2001	
  

HASTI	
   Amir	
  Kabir	
  University,	
  Teheran	
   Shamsfard,	
  Barforoush	
  2004	
  

OntoLT	
   DFKI,	
  Saarbrücken	
   Buitelaar	
  et	
  al.	
  2004	
  

DOODLE	
   Shizuoka	
  University	
   Morita	
  et	
  al.	
  2004	
  

Text2Onto	
   AIFB,	
  University	
  of	
  Karlsruhe	
   Cimiano	
  and	
  Völker	
  2005	
  

OntoLearn	
   University	
  of	
  Rome	
   Velardi	
  et	
  al.	
  2005	
  

OLE	
   Brno	
  University	
  of	
  Technology	
   Novacek	
  and	
  Smrz	
  2005	
  

OntoGen	
   Ins?tute	
  Jozef	
  Stefan,	
  Ljubljana	
   Fortuna	
  et	
  al.,	
  2007	
  

GALeOn	
   Technical	
  University	
  of	
  Madrid	
   Manzano-­‐Macho	
  et	
  al.	
  2008	
  

DINO	
   DERI,	
  Galway	
   Novacek	
  et	
  al.	
  2008	
  

OntoLancs	
   Lancester	
  University	
   Gacitua	
  et	
  al.	
  2008	
  

Lexical	
  ontology	
  learning:	
  informal	
  or	
  semi-­‐formal	
  data	
  (e.g.	
  texts)	
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Workflow	
  
Ontology	
  Learning	
  Methods	
  

Corpus	
  
Text	
  Documents	
  

subclassOf( Software_Agent, Computer_Program )(0.5) 
subclassOf( Software_Agent, Technology )(0.5) 

Text2Onto	
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Tools and Frameworks 

Framework	
   Ins6tu6on	
   Reference	
  

YINGYANG	
   University	
  of	
  Bari	
   Iannone	
  2006	
  

DL	
  Learner	
   University	
  of	
  Leipzig	
   Lehmann	
  2006	
  

RELExO	
   AIFB,	
  University	
  of	
  Karlsruhe	
   Völker	
  and	
  Rudolph	
  2008	
  

RoLExO	
   AIFB,	
  University	
  of	
  Karlsruhe	
   Völker	
  and	
  Rudolph	
  2008	
  

OntoComp	
   University	
  of	
  Dresden	
   Sertkaya	
  2008	
  

Logical	
  ontology	
  learning:	
  formal	
  data	
  (e.g.	
  ontologies)	
  

Framework	
   Ins6tu6on	
   Reference	
  

LeDA	
   AIFB,	
  University	
  of	
  Karlsruhe	
   Völker	
  et	
  al.	
  2007	
  

SOFIE	
   MPI,	
  Saarbrücken	
   Suchanek	
  et	
  al.	
  2009	
  

Hybrid	
  implementa?ons	
  

...	
   ...	
   ...	
  



DL-­‐Learner	
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2.2  Problems and Challenges 
•  Homonymy and polysemy e.g. [Ovchinnikova et al. 2006] 

–  “Peter is sitting on the bank in front of the bank.” 
–  “An interesting book is lying on the table.”  

•  Semantics of adjectives 
–  “red flower”, “small elephant”, “false friend”  

•  Empty heads e.g. [Völker et al. 2005], [Cimiano and Wenderoth 2005]  
–  “Tuna is a kind of fish. The Southern Bluefin is one of the most 

endangered types of Tuna.”  
•  Ellipsis and underspecification 

–  “Mary started the book.”  
•  Anaphora (e.g. pronouns) e.g. [Cimiano and Völker 2005] 

–  “There is an apple on the table. It is red.” 
•  Metaphors and analogies 

–  “Live is a journey.” 
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2.2  Problems and Challenges (ctd.) 

•  Near-synonymy (e.g. human and person) 
•  Transitivity of lexical and conceptual relations 

–  “The button is part of the elevator. The elevator is part of the house.” 
•  Opinions, quotations and reported speech 

–  “Tom thinks that dolphins are mammals.” 
•  Uncertainty and imprecision e.g. [Haase and Völker 2008] 

–  “Mannheim is a city. (...) Mannheim is big.” 
•  What should be represented as an individual? e.g. [Zirn et al. 2008] 

–  “The kangaroo is an animal living in Australia.” 
•  What should be represented as a property? 

–  “All elephants are grey.” 
•  Object property or datatype property? 

–  “Easter monday is a national holiday.” 
•  Knowledge is changing e.g. [Zablith et al. 2009] 

–  “Pluto is a planet.” 
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3  Reasoning  
    for Learning and Integration 

•  Ontologies and rules can express formal constraints 
on the interpretation of entities and relations (e.g. 
domain and range restrictions, class disjointness) 

•  Checks for logical contradictions can help to detect 
errors, e.g., in automatically extracted information 

see, for example, [Navigli and Velardi 2006], 
[Welty and Murdock 2006], [Suchanek et al. 2008], 

[Meilicke et al. 2008], [Carlson et al. 2010] 
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Suchanek et al. 2009 

R(a,b) ∧ type(R, functional) ∧ b �= c ⇒ ¬ R(a,c)

Example:	
  

„Washington is the capital of the US. (...) 

New York is the US capital of fashion."


hasCapital( US, Washington )

hasCapital( US, New York )

Washington �= New York

type( hasCapital, functional )

Washington = New York



NLP4SW @ LREC 2010 
24 

Welty and Murdock 2006 

„Washington was born in Westmoreland County, 
Virginia on February 22, 1732."


� � ∀ R.D
∃ R.� � C

D � ¬ E

bornIn( Washington, Virginia )

� � ∀ bornIn.Location
∃ bornIn.� � Person

Person � ¬ Location

Person( Washington )

Location( Washington )

¬ Location( Washington )

KB	
  =	
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Meilicke et al. 2008 

Slide	
  25	
  

disjoint	
   2:Event	
  2:Document	
  

Thing	
  

1:Document	
  1:Person	
  

Thing	
  

1:Reviewer	
  1:Author	
   2:Review	
  
equivalent	
  

equivalent	
  

2:Paper	
  

0.98	
  

0.72	
  

O1 ∪M O2 |= 1:Person � ¬ 1:Document

O1 ∪M O2 |= 1:Reviewer � 1:Person
O1 ∪M O2 |= 1:Reviewer � 1:Document

O1 ∪M O2 |= 1:Reviewer � ⊥
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Summary 
•  Ontology learning and population 
•  Automatic and semi-automatic approaches to ontology 

learning from text 
•  Various types of input resources (formality, structure etc.) 
•  Challenges, e.g., ambiguity of natural language 
•  Sometimes, inference helps! 


