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What do we want to represent?
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What kinds of representation can 
we provide?
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Vector space models

•
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Term-document matrix
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 dog           3    10    0     0     0

 Internet      4     0    1     0     7

 cartoon       1     0    5     0     0

 cartoonist    1     0   10     0     0
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 dog           3    10    0     0     0

 Internet      4     0    1     0     7

 cartoon       1     0    5     0     0

 cartoonist    1     0   10     0     0

Term-document matrix

term documentcount of term occurrences 
within the document
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Term-document matrix

-
-
-

 

 dog           3    10    0     0     0

 Internet      4     0    1     0     7

 cartoon       1     0    5     0     0

 cartoonist    1     0   10     0     0

A word is defined by a vector of counts over documents



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Generalization: the word-context matrix
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A word is defined by a vector of 
counts over documents

07/07/2016
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…
…

Distributional semantics

dog     

cat

mammal

cartoonist



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

What values should we use for 
non-zero components?
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What values should we use for 
non-zero components?

•

•

•



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

•

•

Comparing word representations
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Small is good
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The word2vec architectures (Mikolov et al., 2013)
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wevi: a tool for understanding 
word2vec [Rong, 2014]
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Much work on vector 
representations of meaning
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Why?
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Applications for word representations
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The dream: machine reading
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The word level is not enough
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Sentence Level Word Level Sense Level

Semantic Similarity at different levels
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Sentence Level Word Level Sense Level

Semantic Similarity at different levels
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Word level

fireplace 

➢

→

heater

Semantic Similarity at different levels



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Sentence Level Word Level Sense Level

Semantic Similarity at different levels
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Sentence level

➢

➢

➢

Semantic Similarity at different levels
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Sentence Level Word Level Sense Level

Semantic Similarity at different levels
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fire sense #1
Sense level

fire sense #8

➢

•

Semantic Similarity at different levels
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Problem 1: 
word representations cannot capture 

polysemy
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word representations cannot capture 

polysemy
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Problem 1: 
word representations cannot capture 

polysemy
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Word representations and the 
triangular inequality

plant

pollen refinery
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plant1

pollen refinery

plant2

Word representations and the 
triangular inequality
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Problem 2: word representations do not take 
advantage of existing semantic resources

07/07/2016
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Example: the sense inventory of 
"bank" in BabelNet

We want to create a separate representation 
for each senses of a given word
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We want to create a separate representation 
for each senses of a given word

Key goal: obtain sense representations
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Key goal: obtain sense representations
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Sense Representation 
Techniques

Introduction
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Two types of sense 
representation techniques
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Unsupervised  Sense 
Representations
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Unsupervised  Sense 
Representations
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Unsupervised  Sense 
Representations

-
-

-
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Knowledge-based Sense 
Representations
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Knowledge-based Sense 
Representations

●
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●

plant1

plant2

plant3

plant4
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Knowledge-based Sense 
Representations
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Knowledge-based Sense 
Representations

-

-
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Knowledge-based Sense 
Representations
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WordNet
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WordNet semantic relations
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WordNet

Link to online browser

http://wordnetweb.princeton.edu/perl/webwn
http://wordnetweb.princeton.edu/perl/webwn
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Knowledge-based Sense Representations

̃
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Chen et al (2014)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Chen et al (2014)

............ + +
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Chen et al (2014)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Chen et al (2014)
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Chen et al (2014)

plant

roots of a from the soilroot1 soil2
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Chen et al (2014)
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Chen et al (2014)
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Chen et al (2014)

-
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Vector Comparison
Cosine Similarity
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How are sense representations 
used for word similarity?
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How are sense representations 
used for word similarity?

plant1
tree1

plant2

plant3
tree2
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How are sense representations 
used for word similarity?

plant1
tree1

plant2

plant3
tree2
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used for word similarity?
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How are sense representations 
used for word similarity?
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How are sense representations 
used for word similarity?
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Chen et al (2014)
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Chen et al (2014)

-
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Rothe and Schütze (2015)
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Rothe and Schütze (2015)
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Rothe and Schütze (2015)
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Rothe and Schütze (2015)
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Rothe and Schütze (2015)
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Johansson and Nieto Piña (2015)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Johansson and Nieto Piña (2015)
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Johansson and Nieto Piña (2015)
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Retrofitting (Faruqui et al., NAACL 2015)

+
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Retrofitting (Faruqui et al., NAACL 2015)
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Retrofitting (Faruqui et al., NAACL 2015)
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Jauhar et al. (NAACL 2015)
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Jauhar et al. (NAACL 2015)

Sense vectors

Initial word vectors
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Jauhar et al. (NAACL 2015)

Ontological prior
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De-Conflated Semantic 
Representations
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De-Conflated Semantic 
Representations

Digit
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De-Conflated Semantic 
Representations
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De-Conflated Semantic 
Representations

-

-
-
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De-Conflated Semantic 
Representations

finger

toe

thumb

nail

appendage
foot

limb

bone
wristlobe

ankle

hip
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De-Conflated Semantic 
Representations



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

De-Conflated Semantic 
Representations
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Align, Disambiguate, and Walk 
(ADW)

-

-
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ADW: Semantic Signature
Human-interpretable dimensions

organism#1

table#3

tree#1
leaf#14

soil#2
carpet#2

food#2
garden#2

dictionary#3

refinery#1
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ADW: Personalized PageRank
Representing multiple senses

n nv
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v

n
n

ADW: Personalized PageRank
Representing multiple senses

n nv
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These weights form a semantic signature
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Vector Comparison
Weighted Overlap
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ADW
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ADW
Online demo: http://lcl.uniroma1.it/adw/
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ADW
Advantages and limitation

+
+

+
+

-
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Large knowledge resources
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Large knowledge resources 
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Wikipedia hyperlinks
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Wikipedia hyperlinks
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Wikipedia

[Based on the slides of Raganato and Delli Bovi (2016)]
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Wikipedia

[Based on the slides of Raganato and Delli Bovi (2016)]
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Wikipedia as a sense-annotated 
corpus

[Based on the slides of Raganato and Delli Bovi (2016)]
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Wikipedia as a semantic network

[Based on the slides of Raganato and Delli Bovi (2016)]
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•

•

Semantic Representations 
exploiting Wikipedia
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SSA: Salient Semantic Analysis
(Hassan and Mihalcea, AAAI 2011)
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SSA: Salient Semantic Analysis
(Hassan and Mihalcea, AAAI 2011)
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SSA: Salient Semantic Analysis
(Hassan and Mihalcea, AAAI 2011)
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SaSA: Sense-aware Semantic Analysis
 (Wu and Giles, AAAI 2015)

To be explained in the next section of “Unsupervised sense representations”!
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BabelNet
(Navigli and Ponzetto, AIJ 2012)
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BabelNet as a very large semantic network 
(13.8M synsets and 380M relations)
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-
-

-

BabelNet
(Navigli and Ponzetto, AIJ 2012)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

BabelNet

http://babelnet.org
http://babelnet.org
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BabelNet

Concept

Entity
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BabelNet
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BabelNet
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-

-

Knowledge-based sense representations 
exploiting Wikipedia and BabelNet

 



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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Process of obtaining contextual information for a BabelNet synset 
exploiting BabelNet taxonomy and Wikipedia as a semantic network

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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-
-

-
-

-

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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-
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NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)

-

-
-

-
-



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)

-
-
-
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-
-
-
-

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)

Word and synset embeddings share the same vector space!
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NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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Multilingual Word Similarity

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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Cross-lingual Word Similarity

NASARI: Integrating Explicit Knowledge and 
Corpus Statistics for a Multilingual Representation 

of Concepts and Entities
(Camacho-Collados et al., AIJ 2016)
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SensEmbed (Iacobacci et al., ACL 2015)

•
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Babelfy (Moro et al. TACL 2014)
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SensEmbed (Iacobacci et al., ACL 2015)

•

•
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SensEmbed (Iacobacci et al., ACL 2015)
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SensEmbed (Iacobacci et al., ACL 2015)
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SensEmbed (Iacobacci et al., ACL 2015)
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SensEmbed (Iacobacci et al., ACL 2015)
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Word Similarity (Spearman correlation)

SensEmbed (Iacobacci et al., ACL 2015)
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Relational Similarity

SensEmbed (Iacobacci et al., ACL 2015)
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SensEmbed (Iacobacci et al., ACL 2015)
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FreeBase
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WikiData
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WikiData
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WikiData
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Idea: Learn representations in a vector space 
not only for entities but also for relations.

TransE: Translating Embeddings for Modeling
Multi-relational Data

 (Bordes et al., NIPS 2013)
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TransE: Translating Embeddings for Modeling
Multi-relational Data

 (Bordes et al., NIPS 2013)
Relations become Translations

Image taken from the 
poster presentation of 
Bordes et al., [2015]
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Given a training set of triples (h,l,t), TransE learns 
embeddings for entities and their relationships 
by minimizing the following loss function:

TransE: Translating Embeddings for Modeling
Multi-relational Data

 (Bordes et al., NIPS 2013)
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TransE: Translating Embeddings for Modeling
Multi-relational Data

 (Bordes et al., NIPS 2013)
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-

-

-

-

TransE: Translating Embeddings for Modeling
Multi-relational Data

 (Bordes et al., NIPS 2013)
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Unsupervised sense 
representations
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Multi-prototype Representations

Why Unsupervised?

Why do we need them?

What for?
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“Given a set of observations [...] the goal is 
to directly infer the properties of this 
probability density without the help of a 
supervisor or teacher providing correct 
answers or degree-of-error for each 
observation.”

Hastie, Friedman, Tibshirani, 2001

Unsupervised Learning



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Unsupervised Learning

Most commonly-used techniques:

● Clustering or data segmentation has the 
goal of grouping  a collection of objects 
into subsets or “clusters,” such that those 
within each cluster are more closely 
related

● Principal components are a sequence of 
projections of features which are mutually 
uncorrelated and ordered in variance
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Distributional Hypothesis

“words that occur in the same contexts tend to 
have similar meanings” 

Harris, 1954

“a word is characterized by the company it 
keeps”

Firth, 1957
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Unsupervised Word Sense Disambiguation

It aims to divide “the occurrences of a word into 
a number of classes by determining for any two 
occurrences whether they belong to the same 
sense or not”

Schütze 1998



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Unsupervised Word Sense Disambiguation

Main approaches

● Based on Clustering

● Joint training of multiple prototypes

● Exploiting bilingual corpora
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Cluster-based sense representations
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Cluster-based sense representations

● They are generally split in two steps:
○ Discrimination of senses
○ Single/Multiple prototype training

● They have a bounded (fixed) amount of 
prototypes

● Generally clustering considers no overlaps 
between clusters 



Multi-Prototype Vector-Space Models of Word 
Meaning

Reisinger and Mooney, NAACL 2010

167

It presents a vector-space model that 
represents a word’s meaning by a set of 
distinct “sense specific” vectors.

The set of vectors for a word is determined 
by clustering the contexts in which a word 
appears.

Explicit feature vectors based on unigrams



Multi-Prototype Vector-Space Models of Word 
Meaning

Reisinger and Mooney, NAACL 2010

168



Multi-Prototype Vector-Space Models of Word 
Meaning

Reisinger and Mooney, NAACL 2010

169

It measures similarity between two words, w 
and w’, by calculating the minimum distance 
in terms of cosine similarity between w and w’ 
sense vectors:



It presents a model that unlike Reisinger and 
Mooney, where only local context (i.e., 
co-occurrences) is used, leverages also global 
context (i.e. document topics) for learning 
multiple prototype vectors

170

Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012
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Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012



172

Senses are represented with latent features in a  
50-dimensional embedding space.

The representations are clustered via fixed-size 
context windows in order to discriminate the 
single-prototype representation into its different 
meanings. 

Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012
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Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012
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It also includes a new dataset for measuring 
Multi-Prototype representations that has  
become the de facto evaluation for 
sense-based representations: Stanford 
Contextual Word Similarity or SCWS. 

Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012
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Improving Word Representations via Global 
Context and Multiple Word Prototypes

Huang et al., ACL 2012

Reisinger and Mooney, 2010
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Sense-Aware Semantic Analysis: A Multi-Prototype 
Word Representation Model Using Wikipedia

Wu and Giles, AAAI 2015

It provides “sense-specific” prototypes of a word by 
clustering Wikipedia pages based on both local (i.e. 
co-occurrences) and global contexts (i.e. links and 
categories) of the word in Wikipedia. 

Each dimension of the vector space is a Wikipedia 
concept or article where a word appears or 
co-occurs with.
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Sense-Aware Semantic Analysis: A Multi-Prototype 
Word Representation Model Using Wikipedia

Wu and Giles, AAAI 2015
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Sense-Aware Semantic Analysis: A Multi-Prototype 
Word Representation Model Using Wikipedia

Wu and Giles, AAAI 2015

Reisinger and Mooney, 2010
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K-Embeddings: Learning Conceptual 
Embeddings for Words using Context

Vu and Parker, NAACL 2016

It proposes an extension of word embedding as 
an iterative algorithm.

It has latent representations based on the 
chosen word embeddings model.
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K-Embeddings: Learning Conceptual 
Embeddings for Words using Context

Vu and Parker, NAACL 2016

It clusters the context embeddings and uses 
those clusters as sense annotations for training 
sense embeddings 

The resulting annotation could be used as input 
to refine the clusters (iterative)
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K-Embeddings: Learning Conceptual 
Embeddings for Words using Context

Vu and Parker, NAACL 2016
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K-Embeddings: Learning Conceptual 
Embeddings for Words using Context

Vu and Parker, NAACL 2016

The convergence of the number of prototypes
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K-Embeddings: Learning Conceptual 
Embeddings for Words using Context

Vu and Parker, NAACL 2016

Accuracy on Microsoft Research Syntactic Analogies Dataset (Mikolov et al., 2013)
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Joint training of sense representations
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Joint training of sense representations

● The training is done in a single step

● No assumption on sense overlap (unlike 
cluster-based techniques)

● No assumption in the number of prototypes 

● Allows to have a shared space of words and 
senses as an emergent behavior of the 
model
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Efficient Non-parametric Estimation of Multiple 
Embeddings per Word in Vector Space

Neelakantan et al., EMNLP 2014

• An extension of Skip-gram model

• It allows to learn multiple embeddings per 
word type with no assumptions about the 
number of senses per word type.

• Improve the computational expense of the 
two-step (cluster-based) process. 
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Efficient Non-parametric Estimation of Multiple 
Embeddings per Word in Vector Space

Neelakantan et al., EMNLP 2014

MSSG: Multi-Sense Skip-gram
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Efficient Non-parametric Estimation of Multiple 
Embeddings per Word in Vector Space

Neelakantan et al., EMNLP 2014

NP-MSSG: Multi-Sense Skip-gram

Similar to MSSG but instead of choosing across 
the k possible sense vectors, if the Context 
Cluster Center is not similar enough (given a 
threshold) a new cluster is created.
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Efficient Non-parametric Estimation of Multiple 
Embeddings per Word in Vector Space

Neelakantan et al., EMNLP 2014
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A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014A Mixture model
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A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014
The main idea is to combine 

● Skip-Gram Model 
○ Provides less parameters
○ Only needs local context

 
● Mixture Model

○ Provides a probabilistic framework
○ Avoid additional clustering efforts
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A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014

Skip-gram Model
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Multi-Prototype 
Skip-gram Model

A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014
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A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014

Huang et al., 2012
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A Probabilistic Model for Learning 
Multi-Prototype Word Embeddings

Tian et al., COLING 2014
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It proposes a multi-prototype word 
embeddings model with interpretable 
dimensions

The dimensions are topics, rather than words, 
obtained by latent Dirichlet allocation (LDA)  

It is based on the assumption that words will 
have different embeddings under different 
topics

Topical Word Embeddings
Liu et at., AAAI 2015
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Three models

● TWE-1. Each topic is treated as an extra word. 
Embeddings of words and topics are learned 
separately. The topical embeddings are build with both 
contributions

 
● TWE-2. Each word-topic pair is considered as a pseudo 

word, and learn topical word embeddings directly

● TWE-3. Words and topics are separate but learned 
jointly. The embedding of each word-topic pair is the 
concatenation of both word and topic embeddings

Topical Word Embeddings
Liu et at., AAAI 2015
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Topical Word Embeddings
Liu et at., AAAI 2015
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Topical Word Embeddings
Liu et at., AAAI 2015
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Do Multi-Sense Embeddings Improve 
Natural Language Understanding?

Li and Jurafsky, EMNLP 2015

It criticizes multi-prototype models by 
questioning if there is clear evidence how 
these models improve single-prototype 
approaches on real NLU tasks.

It introduces a multisense embeddings model 
based on Chinese Restaurant Processes
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Do Multi-Sense Embeddings Improve 
Natural Language Understanding?

Li and Jurafsky, EMNLP 2015

Chinese restaurant process

A restaurant where a new customer finds 
table and is likely to choose those tables 
which are more populated.
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Do Multi-Sense Embeddings Improve 
Natural Language Understanding?

Li and Jurafsky, EMNLP 2015

Idea: 

A word is associated with a new sense vector 
just when evidence in the context suggests 
that it is sufficiently different from its early 
senses. 
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Do Multi-Sense Embeddings Improve 
Natural Language Understanding?

Li and Jurafsky, EMNLP 2015
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Sense-based representations by 
exploiting bilingual resources
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Sense-based representations by 
exploiting bilingual resources

“The other major potential source of 
sense-tagged data comes from parallel 
aligned bilingual corpora. Here, translation 
distinctions can provide a practical correlate 
to sense distinctions, as when instances of 
the English word”

Resnik & Yarowsky, 1997



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Learning Sense-specific Word Embeddings By 
Exploiting Bilingual Resources

Guo et al., COLING 2014

…
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Learning Sense-specific Word Embeddings By 
Exploiting Bilingual Resources

Guo et al., COLING 2014
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Learning Sense-specific Word Embeddings By 
Exploiting Bilingual Resources

Guo et al., COLING 2014
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Spearman and Kendall correlation SemEval 2012 Task 4 EvaluatingChinese Word Similarity (Jin & Wu, 2012)

Learning Sense-specific Word Embeddings By 
Exploiting Bilingual Resources

Guo et al., COLING 2014
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Bilingual Learning of Multi-sense 
Embeddings with Discrete Autoencoders

Šuster et al., NAACL 2016
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•

•

Bilingual Learning of Multi-sense 
Embeddings with Discrete Autoencoders

Šuster et al., NAACL 2016
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Bilingual Learning of Multi-sense 
Embeddings with Discrete Autoencoders

Šuster et al., NAACL 2016
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Bilingual Learning of Multi-sense 
Embeddings with Discrete Autoencoders

Šuster et al., NAACL 2016

Omitting the 
Bilingual corpora
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Advantages and limitations of 
both types of sense 

representations
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-

-
-

-

Advantages and Limitations
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Advantages and Limitations
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Applications
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•

•

•

•

•

•

•

Applications



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Sense-based Semantic Similarity

•
•
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Sense-based Semantic Similarity: 
Words
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How to compose vectors for 
sentence/document representation?

-

-
-

07/07/2016
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How to model sentences and 
documents using sense representations?
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Word Sense Disambiguation

•

•
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Integration of sense representations 
in a supervised WSD system

(Rothe  and Schütze, ACL 2015)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

WSD using WordNet as sense inventory (lexical sample)

Integration of sense representations 
in a supervised WSD system

(Rothe  and Schütze, ACL 2015)
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Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

?

Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)
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X

Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)
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Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)
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Multilingual WSD using Wikipedia as sense inventory (all-words)

Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)
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WSD using WordNet as sense inventory (All-Words)

Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)
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Knowledge-based Word Sense 
Disambiguation 

(Camacho-Collados et al., AIJ 2016)

WSD using WordNet as sense inventory (All-Words)
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Word Sense Disambiguation
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Link Prediction
Bordes et al. (NIPS 2013)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Link Prediction results in WordNet and FreeBase

Link Prediction
Bordes et al. (NIPS 2013)
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Fruit

Apple Orange
Lemon

Apple

Apple

?

Taxonomy Learning
Espinosa-Anke et al. (AAAI 2016)
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Fruit

Apple Orange
Lemon

Apple

Apple

X Semantically incoherent 
according to the sense vectors 
(SensEmbed)

Similar to the root (fruit) 
according to cosine similarity 
Semantically coherent

Taxonomy Learning
Espinosa-Anke et al. (AAAI 2016)
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Delli Bovi et al. (EMNLP 2015)
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Open Information Extraction
Delli Bovi et al. (EMNLP 2015)
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Clustering of WordNet senses (F-Measure)

Sense Clustering
(Pilehvar et al., ACL 2013)
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Clustering of Wikipedia pages

Sense Clustering
(Camacho-Collados et al., AIJ 2016)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Alignment of Lexical Resources
Pilehvar and Navigli (ACL 2014)



ACL Tutorial 2016: Semantic Representation of Word Senses and Concepts
Camacho-Collados, Iacobacci, Navigli, Pilehvar

Alignment of Lexical Resources
Pilehvar and Navigli (ACL 2014)

Idea: Ontologization of lexical resources to build a graph (semantic 
network) for each resource
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Alignment of Lexical Resources
Pilehvar and Navigli (ACL 2014)
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Open Problems and Future Work
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Thank you! 

Questions please!


