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man to king is like woman to ? 
beer to Germany is like vine to ? 
car to street is like bike to ? 
hammer to tool is like car to ? 
pupil to school is like student to ?
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Word Embeddings
A Word Embedding format generally tries to map a word using a dictionary to a vector.
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A simple neural network with a single hidden layer is trained to perform a certain task. 

However, the goal is not to use the neural network once it's trained, 

but to learn the weights of the hidden layer, i.e. “word vectors”.
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Task: Given a specific word in the middle of a sentence (the input word), look at the words nearby - a typical 
window-size might be 5, meaning 5 words behind and 5 words ahead (10 in total). The network is going to tell the 
probability for every word in the vocabulary of being a “nearby word”. The output probabilities are going to relate 
to how likely it is find each vocabulary word nearby the input word. 

For example, if you gave the trained network the 
input word “Soviet”, the output probabilities are 
going to be much higher for words like “Union” 
and “Russia” than for unrelated words like 
“watermelon” and “kangaroo”.


The neural network is trained by feeding it word 
pairs found in the training documents (corpus). 


The example shows some of the training samples 
(word pairs), taken form a training sentence, using 
a small window size of 2, with the word 
highlighted word being the input word.
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Details
Strings can not be directly fed into a 
neural network.

 
Therefore, in a  vocabulary of 10,000 
unique words, each word would be 
represented by a vector will have 
10,000 components.


The output of the network is a single 
vector (also with 10,000 components) 
containing, for every word in our 
vocabulary, the probability that a 
randomly selected nearby word is that 
vocabulary word.

300 features is what Google used in their published model trained on the Google news dataset 
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Details
Softmax Regression ..  
each output neuron (one per word in 
our vocabulary!) will produce an 
output between 0 and 1, and the 
sum of all these output values will 
add up to 1.

Example:  calculating the probability that "car" appears nearby "ants".

http://mccormickml.com/2016/04/19/word2vec-tutorial-the-skip-gram-model/
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Vectors for King, Man, Queen, Woman

The result of the vector composition King – Man + Woman = ?
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Cosine Similarity

The dot product of vectors a and b, 

when divided by the magnitude of b, 

is the projection of a onto b
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Cosine Similarity

Cosine similarity is a measure of 
similarity between two vectors of an 
inner product space that measures the 
cosine of the angle between them.  
 
The cosine of 0° is 1, and it is less than 1 
for any angle in the interval (0,π] radians.
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Cosine Similarity Example

[3,8,7,5,2,9], [10,8,6,6,4,5]

similarity = 0.8638935626791596
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Cosine Similarity
A list of words associated with “Sweden” using Word2vec, in order of proximity
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Resources:

Pre-trained word vectors

• English word vectors https://fasttext.cc/docs/en/english-vectors.html 
Don't use the whole 2GB file! The program would use too much memory.  
Instead, once you have downloaded the file, save the top n words in a 
separate file, and remove the first line. For example: 
$ cat wiki-news-300d-1M.vec | head -n 50001 | tail -n 50000 > 
vectors50k.vec


• GoogleNews-vectors-negative300.bin.gz  
https://s3.amazonaws.com/dl4j-distribution/GoogleNews-vectors-
negative300.bin.gz

https://wolfpaulus.com
https://wolfpaulus.com
https://fasttext.cc/docs/en/english-vectors.html


Wolf Paulus | https://wolfpaulus.com                                                                                                                              		 	 wolf@paulus.com

Raw model data
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class Word:
    """A single word (one line of the input file)"""

    def __init__(self, text, vector, frequency):
        self.text = text
        self.vector = vector
        self.frequency = frequency

    def __repr__(self):
        vector_preview = ', '.join(map(str, self.vector[:2]))
        return f"{self.text} [{vector_preview}, ...]"

    def __str__(self):
        return self.text

word.py
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vector.py
def add(v1, v2):
    assert len(v1) == len(v2)
    return [x + y for (x, y) in zip(v1, v2)]

def sub(v1, v2):
    assert len(v1) == len(v2)
    return [x - y for (x, y) in zip(v1, v2)]

def dot(v1, v2):
    assert len(v1) == len(v2)
    return sum([x * y for (x, y) in zip(v1, v2)])

def normalize(v):
    length = math.sqrt(sum([x * x for x in v]))
    return [x / length for x in v]

def cosine_similarity_normalized(v1, v2):
    """
    Returns the cosine of the angle between the two vectors.
    Each of the vectors must have length (L2-norm) equal to 1.
    Results range from -1 (very different) to 1 (very similar).
    """
    return dot(normalize(v1), normalize(v2))
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load.py def load_words(file_path):
    """Load and cleanup the data."""
    print(f"Loading {file_path}...")
    words = load_words_raw(file_path)
    print(f"Loaded {len(words)} words.")

    # num_dimensions = most_common_dimension(words)
    words = [w for w in words if len(w.vector) == 300]
    # print(f"Using {num_dimensions}-dimensional vectors, {len(words)} remain.")

    words = remove_stop_words(words)
    print(f"Removed stop words, {len(words)} remain.")

    words = remove_duplicates(words)
    print(f"Removed duplicates, {len(words)} remain.")

    return words

def load_words_raw(file_path):
    """Load the file as-is, without doing any validation or cleanup."""

    def parse_line(ln, freq):
        tokens = ln.split()
        word = tokens[0]
        vector = v.normalize([float(x) for x in tokens[1:]])
        return Word(word, vector, freq)

    words = []
    # Words are sorted from the most common to the least common ones
    frequency = 1
    with open(file_path) as f:
        for line in f:
            w = parse_line(line, frequency)
            words.append(w)
            frequency += 1
    return words
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Thanks
https://wolfpaulus.com

 

https://github.com/wolfpaulus/word2vec
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