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Word2Vec

Word Sense Disambiguation
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What it is about?

➢ Understanding the concept of deep learning (DL) - known as 

structured deep learning or hierarchical learning & word sense 

disambiguation (WSD)

➢Word2Vec Technique

➢Applicability
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Machine learning (ML)

➢ Supervised

➢Semi-supervised

➢Unsupervised

4

➢ development of techniques that allow computers 

to learn automatically.

➢ is based on statistics, the program using them to 

predict a certain behavioral pattern.



Machine learning - Example

➢ The technology behind search engines

➢ Data Mining

➢Analysis of Big Data & Metadata

➢Antivirus systems
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➢ machine learning based on neural networks;

➢ allows a computer to learn directly from sound, text and 

image; 

➢ learn from experience.
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Deep learning (DL)



➢ Image processing: army, industry, medicine, etc.

➢ Machine Translation

➢Autonomous cars

➢ Neuralink project (connecting the human brain to the

computer)
https://www.youtube.com/watch?v=lA77zsJ31nA
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Deep learning – Example

https://www.youtube.com/watch?v=lA77zsJ31nA


➢ NLP - ex: Google tool word2vec - https://code.google.com/archive/p/word2vec/ → 

mapping from the discrete space of words into a multidimensional 

vector space → the meaning of words & the relationship between 

words is preserved.

➢ mapping = an additional layer of entry into the neural network.

➢ vector representation of words = embedding

How?

Corpus Data → obtaining the positions of the words in the vector

space according to the other words.

Ex.: Word2Vec, GloVe and FastText
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Word2Vec

https://code.google.com/archive/p/word2vec/


➢ Vectors are chosen - a simple mathematical function 

Ex: cosine similarity cos(θ) between vectors = indicates the 

level of semantic similarity between the words represented by the 

vectors.

➢ cos(θ)= a method of normalizing the length of the document 

during the comparison.

➢ cos(θ)of 2 vectors A & B ≠ 0, is derived from the Euclidean 

scalar product formula
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Word2Vec

Ai & Bi = components of the vectors A & B -
https://en.wikipedia.org/wiki/Cosine_similarity

between -1 (opposite) ÷
+1 (identical) 

https://en.wikipedia.org/wiki/Cosine_similarity
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cos(θ) of 2 vectors
Ex: joacă vs. joc

2 vectors (a & b) = two product descriptions, two article titles or simply two 

word matrices.

Exemplu:
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cos(θ) of 2 vectors
word2vec represents each distinct word with a specific list of

numbers called a vector.

The vectors = indicate the level of semantic similarity between

the words represented by those vectors (measures the cosine of

the angle between two vectors projected in a multidimensional

space).
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cos(θ) of 2 vectors
Utilizarea Python – avem următoarele 5 fragmente de text

Pentru cos(θ) avem nevoie de numărul de cuvinte din fiecare document. Folosim 

CountVectorizer sau Tf*idfVectorizer de la scikit-learn.
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cos(θ) of 2 vectors

Webography:

✓ Understanding Tf*idf Vectorizer: 

Scikit-learn (https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.text.TfidfVectorizer.html) 

✓ Spatial Distance Cosine: 

Scipy (https://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.spatial.distance.cosine.html) 

✓ ML Book: 

ML Solutions (https://www.oreilly.com/library/view/machine-learning-solutions/9781788390040/) 

Possibile  application: IR

https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.text.TfidfVectorizer.html
https://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.spatial.distance.cosine.html
https://www.oreilly.com/library/view/machine-learning-solutions/9781788390040/
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Word2Vec (Google)

We define the model that tries to link a word to the context in 

which it appears with two scenarios:

1. Predict the word based on neighboring words (context).

2. Predict a number of neighboring words based on a central

word.



➢ training the matrix using a one-way unidirectional neural

network in a self-supervised manner.

How?
❑ 1st mode calculation of word representations: taking, for each

word, its context → passes it through the network and predicts

which word should follow. Obs: It is fast and with good vector

representations for the most common (used) words.

❑ 2nd mode: each word is passed through the network and an

attempt is made to predict its context. Obs: It works well with

small amounts of data and makes a good representation of rarer

words.
J. Brownlee, How to Use Word Embedding Layers for Deep Learning with Keras, 2017.

[Interactiv]. Available: https://machinelearningmastery.com/use-word-embedding-layers-

deep-learning-keras
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Word2Vec



➢ Scope = approximation of an objective function 𝑓∗,  using more 

neurons which models the linear regression.
F.  Chollet,  „keras,”  2015.  [Interactiv].  Available: https://github.com/keras-team/keras
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Unidirectional neural network

Multilayer Perceptron

1. 3 neurons at the 

input
2. a hidden layer with 5 neurons

3. 2 neurons at the output

1. A layer of neurons at the input, equal 

in size to the size of the vector space 

from which the information comes.

2. A number of hidden layers, 

responsible for learning the 

approximate function.

3. A layer of neurons at the output, 

equal in size to the number of classes 

to be obtained. 



➢ image processing field (input space is very large → number of 

input neurons is very large).

Solution: extraction of features that reduce the dimensionality of 

input vectors → a series of operations - repeated convolution.
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Particular Case – Convolutional RN

Attribute extraction and classification in a convolutional network

Ex: 65536 neurons at the input in the case of a imagine 256x256 pixels



• Language analysis and understanding

– semantic and discourse processing

• semantic disambiguation → word senses

• semantic roles labeling

• rhetorical structure of discourse and dialogue

• anaphora resolution

• text summarization
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Written Language Technologies



What is WSD?

➢Natural languages are ambiguous:

Example 1:

The mouse ate some cheese. 

Mouse is …???

computer accessory, animal, cartoon = possible classes



What is WSD?

➢Natural languages are ambiguous:

Example 1:

The mouse ate some cheese. 

1. Food

2. Meal

3. Animal

4. Anxiety

5. Use up

6. Deteriorate

1. Rodents

2. Bruise 

3. Person

4. Device 

1. Food

2. Cluster

How to fetch the meanings of a word ? 

mouse#1 : any of numerous small rodents... 

mouse#2 : a hand-operated electronic device...



What is WSD?

Most words have several possible meanings 

=> Very few have a single meaning….

Monosemic: neuroleptic

Polysemic: mouse

Note! In English: the 121 most frequent nouns

On average 1 word out of five in actual texts 

~7.8 meanings per word 

(in Princetown WordNet - https://wordnet.princeton.edu/download ) 

What is (often) really easy task for a human is difficult for a computer… (see a 

possible way to disambiguate words).

Finding a better sense for a word in a text is called Word Sense Disambiguation

https://wordnet.princeton.edu/download


What is WSD?

Aim of WSD: 

1. Selecting a sense for each word in a text from an inventory (set) of 

predefined possibilities 

2. A word sense is the meaning of a word in a given context 

3. Inventories are produced from dictionaries, raw texts, … 

4. How to represent word senses ? 

5. How to fetch the meanings of a word ?



Sense Tagging

Given a pre-defined inventory of word senses… 

Given a text…

Tag each ambiguous word occurrence with the most likely word sense… 

Example: The cat is eating the mouse. (input)

Use a Word Sense Disambiguator.

cat#1: feline

cat#2: caterpillar

mouse#1: rodent

mouse#2: device

(output) = The cat#1 is eating the mouse#1'
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A semantic scope ambiguity….

Big challenge – Ambiguity!

Every woman loves a man.

∀x(woman(x)→ ∃y(man(y)∧loves(x,y))) 
∃y(man(y)∧ ∀x(woman(x)→loves(x,y)))

… and its interaction with anaphora = NP (pronoun, definite NP,

proper name)

Each team received a topic for a research project. It was about 

computational semantics. 

Students?
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Steps of NLP - 1
1. Semantic Analysis

- Derives an absolute (dictionary definition) meaning from the 

context

- The structure created by the syntactic analyzer are assigned 

meaning. A mapping is made between the syntactic structure 

and objects in the task domain.

Ex: “Colourless green ideas sleep furiously” – correct? (Noam 

Chomsky, 1957).
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Steps of NLP - 2

2. Discourse Integration

- The meaning of an individual sentence may depend on the 

sentences that precede it and may influence the meaning of 

the sentences that follow it.

Ex: the word “it” in the sentence, “you wanted it” depends on the 

prior discourse context.
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Steps of NLP - 3

3. Pragmatic analysis

- Derives knowledge from the external commonsense 

information

- Means understanding the purposeful use of language in 

situations particularly those aspects pf language which 

require world knowledge

- What was said is reinterpreted to determine what was 

actually meant.

Ex: “Do you know what time it is” – should be interpreted 

as a request.
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Word Sense Disambiguation – Lesk algorithm

(M.E. Lesk, 1986) (Vasilescu et al., 2004)
https://en.wikipedia.org/wiki/Lesk_algorithm (adapted for WordNet)

function SIMPLIFIED LESK(word,sentence) returns best sense of word 

best-sense <- most frequent sense for word

max-overlap <- 0

context <- set of words in sentence

for each sense in senses of word do

signature <- set of words in the gloss and examples of sense 

overlap <- COMPUTEOVERLAP (signature,context)

if overlap > max-overlap then

max-overlap <- overlap

best-sense <- sense

end return (best-sense)

COMPUTEOVERLAP function returns the number of words in 

common between two sets, ignoring function words or other words 

on a stop list.
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Word Sense Disambiguation – Example

the context “pine cone” (using following dictionary definitions):

PINE 

1. kinds of evergreen tree with needle-shaped leaves

2. waste away through sorrow or illness

CONE 

1. solid body which narrows to a point

2. something of this shape whether solid or hollow

3. fruit of certain evergreen trees

_________________________

The best intersection is Pine #1 ⋂ Cone #3 = 2.



Temă pentru acasă

Studiul modelelor de tip “deep neural networks” 

și a pachetelor 

Theano (http://deeplearning.net/software/theano/)

PyLearn (http://deeplearning.net/software/pylearn2/)

Word2Vec (https://code.google.com/p/word2vec/) 

http://deeplearning.net/software/theano/
http://deeplearning.net/software/pylearn2/
https://code.google.com/p/word2vec/


Thank you!


