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Outline: 

•  Introducing the Problem 
 

•  Word Embedding Methods 

•  The Word2vec approach 

      •  Programming Session: Implementation of the GloVe approach

•  The GloVe approach
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Part 1 : Introducing the problem 
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Why do we need vectors to represent words ?  

•  We are dealing with data in the form of a corpus of sentences and want to perform a classification task 
for instance.  

•  We obviously can’t feed words to a model. A model can only handle numbers.  
 

•  The question is : How do we represent the words of our corpus in a way that can be feeded in a Machine 
Learning Algorithm ?  

•  It’s clearly an Unsupervised Learning task. 

•  Document 1 : « The sole evidence it is possible to produce that anything is desirable is 
that people actually to desire it. » 

•  Document 2 : «  In law a man is guilty when he violates the rights of others. In ethics 
he is guilty if he only thinks of doing so. » 

•  Document 3 :  « Always recognize that human individuals are ends, and do not use 
them as means to your end. » 

           … 
•   Document N : « Justice is a name for certain moral requirements, which, regarded 

collectively, stand higher in the scale of social utility and are therefore of more 
paramount obligation than any others. » 

DATA Model 

? 
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Review : Words as discrete symbols: 

•  What we have seen so for (in Lecture 5) is the possibility to turn each word into a discrete symbol. 
 
•  For that, we create a dictionary to map each word present in our corpus to a unique discrete index. 

Code 

•  Document 1 : « The sole evidence it is possible to produce that anything is desirable is 
that people actually to desire it. » 

•  Document 2 : «  In law a man is guilty when he violates the rights of others. In ethics 
he is guilty if he only thinks of doing so. » 

•  Document 3 :  « Always recognize that human individuals are ends, and do not use 
them as means to your end. » 

           … 
•   Document N : « Justice is a name for certain moral requirements, which, regarded 

collectively, stand higher in the scale of social utility and are therefore of more 
paramount obligation than any others. » 

DATA            word_index = 
 {  
   ‘the’                : 1 , 
   ‘sole’              : 2 , 
  ‘evidence’       : 3 , 
 
 
 
 
 
 
  ‘any ’               : 934233 
 } 

...

<latexit sha1_base64="7u6drq7vCc7xCFgrnEvAYqm77d4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWw223btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMirVjDeZkkp3Amq4FDFvokDJO4nmNAokbwfju7nfnnBthIofcZpwP6LDWAwEo2ilVm8SKjT9csWtuguQdeLlpAI5Gv3yVy9ULI14jExSY7qem6CfUY2CST4r9VLDE8rGdMi7lsY04sbPFtfOyIVVQjJQ2laMZKH+nshoZMw0CmxnRHFkVr25+J/XTXFw42ciTlLkMVsuGqSSoCLz10koNGcop5ZQpoW9lbAR1ZShDahkQ/BWX14nrauqV6vWHmqV+m0eRxHO4BwuwYNrqMM9NKAJDJ7gGV7hzVHOi/PufCxbC04+cwp/4Hz+AM21j0k=</latexit>
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From discrete symbols to one hot vectors: 

•  Instead of representing a word  by its index in the word_index dictionary. It is strictly equivalent to 
represent it as a vector of size V (where V is the size of vocabulary, i.e the number of distinct words in the 
whole corpus) with 1 in the index position and zeros in all the other positions.  

 
•  Example : Let’s suppose the word « equity » is of index 134 and V = 100 000.  

 
•  Then, the word « equity » will be represented by the following vector of size V: 

 
•  We call this vector a one hot vector. 

[0, . . . , 0, 1, 0, . . . , 0]

<latexit sha1_base64="l4MLbSCJ05HH9covfsH+d2+L46E=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCi1JmpKDuCm5cVrAPmA4lk2ba0ExmSDJCKV258VfcuFDErd/gzr8xnY6grQcSTs69h5t7goQzpR3nyyqsrK6tbxQ3S1vbO7t79v5BS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6HpWb99TqVgs7vQ4oX6EB4KFjGBtpJ597DkV1O3HWlWQYW52/7z9nl12qk4GtEzcnJQhR6NnfxovSSMqNOFYKc91Eu1PsNSMcDotdVNFE0xGeEA9QwWOqPIn2RpTdGqUPgpjaY7QKFN/OyY4UmocBaYzwnqoFmsz8b+al+rw0p8wkaSaCjIfFKYc6RjNMkF9JinRfGwIJpKZvyIyxBITbZIrmRDcxZWXSeu86taqtdtauX6Vx1GEIziBM3DhAupwAw1oAoEHeIIXeLUerWfrzXqftxas3HMIf2B9fAOqO5Vo</latexit>

position 134 

Corpus 
•  Document 1  
•  Document 2 

•  Document n 

•  Document N 

...

<latexit sha1_base64="gflNAXfHytKoWQkP7nun5G8H2rw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VbCu0oWw2m3btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMSrTjLeZkko/BtRwKRLeRoGSP6aa0ziQvBuMb+d+d8K1ESp5wGnK/ZgOExEJRtFKnf4kVGgG1Zpbdxcg68QrSA0KtAbVr36oWBbzBJmkxvQ8N0U/pxoFk3xW6WeGp5SN6ZD3LE1ozI2fL66dkQurhCRS2laCZKH+nshpbMw0DmxnTHFkVr25+J/XyzC68XORpBnyhC0XRZkkqMj8dRIKzRnKqSWUaWFvJWxENWVoA6rYELzVl9dJ56ruNeqN+0at2SjiKMMZnMMleHANTbiDFrSBwRM8wyu8Ocp5cd6dj2VrySlmTuEPnM8fyX+POw==</latexit>

...

<latexit sha1_base64="gflNAXfHytKoWQkP7nun5G8H2rw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VbCu0oWw2m3btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMSrTjLeZkko/BtRwKRLeRoGSP6aa0ziQvBuMb+d+d8K1ESp5wGnK/ZgOExEJRtFKnf4kVGgG1Zpbdxcg68QrSA0KtAbVr36oWBbzBJmkxvQ8N0U/pxoFk3xW6WeGp5SN6ZD3LE1ozI2fL66dkQurhCRS2laCZKH+nshpbMw0DmxnTHFkVr25+J/XyzC68XORpBnyhC0XRZkkqMj8dRIKzRnKqSWUaWFvJWxENWVoA6rYELzVl9dJ56ruNeqN+0at2SjiKMMZnMMleHANTbiDFrSBwRM8wyu8Ocp5cd6dj2VrySlmTuEPnM8fyX+POw==</latexit>

Discretize via word_index 

•  Document 1 : [23, 43, 12, …, 2343, 1] 
•  Document 2 : [12, 1, 23453, …, 123] 

•  Document n : [1234, 1, 23] 

•  Document N : [1, 1232, …, 12322] 

•  After the first pre-precossing 
step, we end up with the 
following lists if integers 
representing the words: 
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Limitations of one hot vectors: 

•  The One-hot-vector is the easiest way to represent words as vectors. 

•  In this type of encoding, each word is as a completely independent entity and there isn't any 
notion of similarity between words, even if they have the same meaning. 

•  One way of measuring the similarity between two vectors is to use the dot product.  

•  The dot product is just the cosine similarity:  

•  In the case, the two words “statistics” and “learning” will have a similarity of zero, even though 
they are related to each other.  

     

< wstatistics, wlearning > = (wstatistics)Twlearning =
⇥
0 1 0 . . . 0

⇤

2

666664

0
0
1
...
0

3

777775
= 0

<latexit sha1_base64="38Lwpx90Ar+GAm91tTNa3wnv1L8="></latexit>

similarity(wstatistics, wlearning
) = cos(✓) =

< wstatistics, wlearning >

||wstatistics|| ||wlearning||

<latexit sha1_base64="NQFggF/JQe2UWeTzTts+o4pqPpI="></latexit>

✓

<latexit sha1_base64="1hiNA77+E9iEqKvLEf4tcgW+J88=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLG5tb2Tnm3srd/cHhUPT5pmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6wGnKg5iOlIgEo2ilbh/HHCkhg2rNrbsLkHXiFaQGBZqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBf3zsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jwZCs0ZyqkllGlhbyVsTDVlaCOq2BC81ZfXSfuq7vl1/96vNfwijjKcwTlcggfX0IA7aEILGEh4hld4cx6dF+fd+Vi2lpxi5hT+wPn8AVH4j3U=</latexit>

wstatistics

<latexit sha1_base64="eWxYB9mo2UAlrbdxgagVU1BUT8s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWRgC4LblxWsA9oY5lMJ+3QySTM3KglBPwVNy4Ucet3uPNvnLZZaOuBC4dz7p259wSJ4Boc59sqrayurW+UNytb2zu7e/b+QUvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2ML6a+u17pjSP5S1MEuZHZCh5yCkBI/Xto4e7rAfsETINRtLAqc7zvl11as4MeJm4BamiAo2+/dUbxDSNmAQqiNZd10nAz4gy7wmWV3qpZgmhYzJkXUMliZj2s9n6OT41ygCHsTIlAc/U3xMZibSeRIHpjAiM9KI3Ff/zuimEl37GZZICk3T+UZgKDDGeZoEHXDEKYmIIoYqbXTEdEUUomMQqJgR38eRl0jqvuV7Nu/Gqda+Io4yO0Qk6Qy66QHV0jRqoiSjK0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8A1FmWpw==</latexit>

wlearning

<latexit sha1_base64="+ksVxbiPh3PVrha5bzpPhwEWV10=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0kkoMeCF48V7Ae0sWy2k3bpZhN2J2oJ9a948aCIV3+IN/+N24+Dtj4YeLw3w8y8MBVco+t+W4W19Y3NreJ2aWd3b//APjxq6iRTDBosEYlqh1SD4BIayFFAO1VA41BAKxxdTf3WPSjNE3mL4xSCmA4kjzijaKSeXX64y7sIj5gLoEpyOZhMenbFrbozOKvEW5AKWaDes7+6/YRlMUhkgmrd8dwUg5wq5EzApNTNNKSUjegAOoZKGoMO8tnxE+fUKH0nSpQpic5M/T2R01jrcRyazpjiUC97U/E/r5NhdBnkXKYZgmTzRVEmHEycaRJOnytgKMaGUKa4udVhQ6ooQ5NXyYTgLb+8SprnVc+v+jd+peYv4iiSY3JCzohHLkiNXJM6aRBGxuSZvJI368l6sd6tj3lrwVrMlMkfWJ8/+8aVmA==</latexit>
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Part 2 : Word Embedding Methods 
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Creating Word Embedding 

•  We need to find a subspace that encodes the relationships between words. 

•  As there are millions of tokens in any language, we can try to reduce the size of this space 
from         (where V is the vocabulary size) to some D-dimensional space (such that D << 
V ) that is sufficient to encode all semantics of the language.  

•  Each dimension would encode some meaning (such as tense, count, gender ...) 

•  We are going to introduce 2 approaches: 

•  GloVe (Global Vectors for Word Representation, Pennington, Socher and Manning, 
2014). 

•  The Word2vec approach: introduced by Mikolov, Sutskever, et al. (2013). 

•  Both algorithms take their inspiration from an English linguist, named John Ruper Firth, 
known for his famous quotation:  

 

RV

<latexit sha1_base64="VPBH/ZRsoHGWioD+FZnBgRCi2ls=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQSqMuCG5dV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMadv+tkobm1vbO+Xdyt7+weFR9fiko6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/dpP73UcqFYvEg57H1AvxRLCAEayNNByEWE99P73PhmknG1Vrdt1eAK0TpyA1KNAaVb8G44gkIRWacKxU37Fj7aVYakY4zSqDRNEYkxme0L6hAodUeekidYYujDJGQSTNExot1N8bKQ6Vmoe+mcxTqlUvF//z+okOrr2UiTjRVJDloSDhSEcorwCNmaRE87khmEhmsiIyxRITbYqqmBKc1S+vk85V3XHr7p1ba7pFHWU4g3O4BAca0IRbaEEbCEh4hld4s56sF+vd+liOlqxi5xT+wPr8Aermkr8=</latexit>
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The GloVe approach – Introduction – 

•  GloVe (Global Vectors for Word Representation) is an unsupervised algorithm, developed at the 
Stanford NLP lab, that learns embedding vectors from word-word co-occurrence statistics.  

•  The GloVe algorithm consists in applying Matrix factorization methods on a matrix 
summarizing the co-occurrence statistics of the corpus.  

•  The entry        of the matrix of co-occurrence counts       represents the number of times the 
word j occurs in the context of word i, which suggest the definition of a context size (or window 
size).  

•  Example with i = index of the word « enjoyed ». We append the index of word « I » twice.  

 

X

<latexit sha1_base64="eUQTovH2fIKrnlZy961Im4ePLt8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDVh8MPN6bYWZemAqujet+OaWNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+H0duF3H1Fpnsh7M0sxiOlY8ogzaqzU6g2rNbfuLkH+Eq8gNSjQHFY/B6OEZTFKwwTVuu+5qQlyqgxnAueVQaYxpWxKx9i3VNIYdZAvD52TC6uMSJQoW9KQpfpzIqex1rM4tJ0xNRO97i3E/7x+ZqKbIOcyzQxKtloUZYKYhCy+JiOukBkxs4Qyxe2thE2ooszYbCo2BG/95b+kc1X3/Lrf8msNv4ijDGdwDpfgwTU04A6a0AYGCE/wAq/Og/PsvDnvq9aSU8ycwi84H9+zyYzV</latexit>

Xij

<latexit sha1_base64="umbuSj5h1PoNW4dSkP6T7j9ITqo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48V7Ae0oWy2k3btZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDalGwSW2DDcCu6lCGocCO+Hkdu53nlBpnsgHM00xiOlI8ogzaqzU6Q5yTh5ng2rNrbsLkHXiFaQGBZqD6ld/mLAsRmmYoFr3PDc1QU6V4UzgrNLPNKaUTegIe5ZKGqMO8sW5M3JhlSGJEmVLGrJQf0/kNNZ6Goe2M6ZmrFe9ufif18tMdBPkXKaZQcmWi6JMEJOQ+e9kyBUyI6aWUKa4vZWwMVWUGZtQxYbgrb68TtpXdc+v+/d+reEXcZThDM7hEjy4hgbcQRNawGACz/AKb07qvDjvzseyteQUM6fwB87nDxFuj1s=</latexit>

window size=1z }| {
I|{z}

Xij+=1

enjoyed the research project.

<latexit sha1_base64="s5yPY1GTzYPCsynZvp8QCsK0Zu8="></latexit>

window size=1z }| {
I|{z}

Xij+=1

enjoyed NLP

<latexit sha1_base64="52Gm1GMClHiS5ErWhyWGl97CelY="></latexit>
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The GloVe approach – The co-occurrence matrix – 

•  Let us create the co-occurrence matrix on a simple corpus composed of 3 documents and a 
vocabulary size of 10 tokens.             . So, the co-occurrence matrix is of shape  

•  The corpus:  
•  Document 1: I enjoyed the research project . 
•  Document 2: : I like Deep Learning .  
•  Document 3: I enjoyed NLP . 

•  The final co-occurrence matrix:  
 

X =

0

BBBBBBBBBBBBBBBBBBB@

I enjoyed the research project like Deep Learning NLP .

I 0 2 0 0 0 1 0 0 0 0

enjoyed 2 0 1 0 0 0 0 0 1 0

the 0 1 0 1 0 0 0 0 0 0

research 0 0 1 0 1 0 0 0 0 0

project 0 0 0 1 0 0 0 0 0 1

like 1 0 0 0 0 0 1 0 0 0

Deep 0 0 0 0 0 1 0 1 0 0

Learning 0 0 0 0 0 0 1 0 0 1

NLP 0 1 0 0 0 0 0 0 0 1

. 0 0 0 0 1 0 0 1 1 0

1

CCCCCCCCCCCCCCCCCCCA

<latexit sha1_base64="WCkGFMPAXTOIPfX40zLGG8OfOt4="></latexit>

V = 10

<latexit sha1_base64="mJy5Ufn5AYwDd8yN/R85+++7gGc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkUC9CwYvHCjYttKFstpt27WY37G6EEvofvHhQxKv/x5v/xm2bg7Y+GHi8N8PMvCjlTBvX/XZKG5tb2zvl3cre/sHhUfX4JNAyU4S2ieRSdSOsKWeCtg0znHZTRXEScdqJJrdzv/NElWZSPJhpSsMEjwSLGcHGSkGAbpDnDqo1t+4ugNaJV5AaFGgNql/9oSRZQoUhHGvd89zUhDlWhhFOZ5V+pmmKyQSPaM9SgROqw3xx7QxdWGWIYqlsCYMW6u+JHCdaT5PIdibYjPWqNxf/83qZia/DnIk0M1SQ5aI448hINH8dDZmixPCpJZgoZm9FZIwVJsYGVLEheKsvr5Pgqu75df/erzX9Io4ynME5XIIHDWjCHbSgDQQe4Rle4c2Rzovz7nwsW0tOMXMKf+B8/gC9NY3j</latexit>

(V, V )

<latexit sha1_base64="AvwwIgOrQ680HM28/cQ0D22rbSg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREAnosePFYwcZCG8pmu2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0tr6xuVXeruzs7u0fVA+PAi0zRWibSC5VJ8KaciZo2zDDaSdVFCcRpw/R+GbmPzxRpZkU92aS0jDBQ8FiRrCxUlAPLlBw3q/W3IY7B1olXkFqUKDVr371BpJkCRWGcKx113NTE+ZYGUY4nVZ6maYpJmM8pF1LBU6oDvP5tVN0ZpUBiqWyJQyaq78ncpxoPUki25lgM9LL3kz8z+tmJr4OcybSzFBBFovijCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMWG4C2/vEqCy4bnN/w7v9b0izjKcAKnUAcPrqAJt9CCNhB4hGd4hTdHOi/Ou/OxaC05xcwx/IHz+QPc7Y34</latexit>

V

<latexit sha1_base64="yVSdL5HBALYYjUST5eK63Oj0Ebc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2FZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMWyzRCTqIaQaBZfYNtwIfEgV0jgU2A0nt3O/+4RK80Tem2mKQUxHkkecUWOlVmdQrbl1dwGyTryC1KBAc1D96g8TlsUoDRNU657npibIqTKcCZxV+pnGlLIJHWHPUklj1EG+OHRGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYlugpzLNDMo2XJRlAliEjL/mgy5QmbE1BLKFLe3EjamijJjs6nYELzVl9dJ56ru+XW/5dcafhFHGc7gHC7Bg2towB00oQ0MEJ7hFd6cR+fFeXc+lq0lp5g5hT9wPn8AsMGM0w==</latexit>

V

<latexit sha1_base64="yVSdL5HBALYYjUST5eK63Oj0Ebc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2FZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMWyzRCTqIaQaBZfYNtwIfEgV0jgU2A0nt3O/+4RK80Tem2mKQUxHkkecUWOlVmdQrbl1dwGyTryC1KBAc1D96g8TlsUoDRNU657npibIqTKcCZxV+pnGlLIJHWHPUklj1EG+OHRGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYlugpzLNDMo2XJRlAliEjL/mgy5QmbE1BLKFLe3EjamijJjs6nYELzVl9dJ56ru+XW/5dcafhFHGc7gHC7Bg2towB00oQ0MEJ7hFd6cR+fFeXc+lq0lp5g5hT9wPn8AsMGM0w==</latexit>
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The GloVe approach – SVD based methods – 

•  To create embedding vectors from the co-occurrence matrix, one approach can be to use a Singular 
Value decomposition (SVD) of the co-occurrence matrix: 

 
 

•  Then, we reduce the dimensionality by selecting the first D singular vectors (with D << V) 

•  Let                                    , such that                                   

•  We select D so that we can capture the desired amout of variance we want:  

(V ⇥ V )

<latexit sha1_base64="f3MbUk4F0uPixlA9yBRCqAqS4LI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0ikoMeCF48VbFpoQtlsN+3SzQe7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKTQ6Djf1sbm1vbObmWvun9weHRcOzn1dJorxjsslanqhVRzKRLeQYGS9zLFaRxK3g0nd3O/+8SVFmnyiNOMBzEdJSISjKKR/IZHfBQx18S7GtTqju0sQNaJW5I6lGgPal/+MGV5zBNkkmrdd50Mg4IqFEzyWdXPNc8om9AR7xuaULMnKBY3z8ilUYYkSpWpBMlC/T1R0FjraRyazpjiWK96c/E/r59jdBsUIsly5AlbLopySTAl8wDIUCjOUE4NoUwJcythY6ooQxNT1YTgrr68Trxr223azYdmvWWXcVTgHC6gAS7cQAvuoQ0dYJDBM7zCm5VbL9a79bFs3bDKmTP4A+vzB38EkKA=</latexit>

(V ⇥ V )

<latexit sha1_base64="f3MbUk4F0uPixlA9yBRCqAqS4LI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0ikoMeCF48VbFpoQtlsN+3SzQe7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKTQ6Djf1sbm1vbObmWvun9weHRcOzn1dJorxjsslanqhVRzKRLeQYGS9zLFaRxK3g0nd3O/+8SVFmnyiNOMBzEdJSISjKKR/IZHfBQx18S7GtTqju0sQNaJW5I6lGgPal/+MGV5zBNkkmrdd50Mg4IqFEzyWdXPNc8om9AR7xuaULMnKBY3z8ilUYYkSpWpBMlC/T1R0FjraRyazpjiWK96c/E/r59jdBsUIsly5AlbLopySTAl8wDIUCjOUE4NoUwJcythY6ooQxNT1YTgrr68Trxr223azYdmvWWXcVTgHC6gAS7cQAvuoQ0dYJDBM7zCm5VbL9a79bFs3bDKmTP4A+vzB38EkKA=</latexit>

(V ⇥ V )

<latexit sha1_base64="f3MbUk4F0uPixlA9yBRCqAqS4LI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0ikoMeCF48VbFpoQtlsN+3SzQe7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKTQ6Djf1sbm1vbObmWvun9weHRcOzn1dJorxjsslanqhVRzKRLeQYGS9zLFaRxK3g0nd3O/+8SVFmnyiNOMBzEdJSISjKKR/IZHfBQx18S7GtTqju0sQNaJW5I6lGgPal/+MGV5zBNkkmrdd50Mg4IqFEzyWdXPNc8om9AR7xuaULMnKBY3z8ilUYYkSpWpBMlC/T1R0FjraRyazpjiWK96c/E/r59jdBsUIsly5AlbLopySTAl8wDIUCjOUE4NoUwJcythY6ooQxNT1YTgrr68Trxr223azYdmvWWXcVTgHC6gAS7cQAvuoQ0dYJDBM7zCm5VbL9a79bFs3bDKmTP4A+vzB38EkKA=</latexit>

X = W1 ⌦ WT
2

<latexit sha1_base64="klnAnfqEx+0Yh6n14NiHuFwOxaM=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZKQXdCAVduLNCb9AZh0yaaUOTzJBkhDIUN76KGxeKuPUp3Pk2pu0stPWHwJf/nENy/jBhVGnH+bYKK6tr6xvFzdLW9s7unr1/0FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnHF1N650HIhWNRVOPE+JzNBA0ohhpYwX2URdewk7gQg96t5wMkAFzr943A7vsVJyZ4DK4OZRBrkZgf3n9GKecCI0ZUqrnOon2MyQ1xYxMSl6qSILwCA1Iz6BAnCg/m60wgafG6cMoluYIDWfu74kMcaXGPDSdHOmhWqxNzf9qvVRHF35GRZJqIvD8oShlUMdwmgfsU0mwZmMDCEtq/grxEEmEtUmtZEJwF1dehna14tYqtbtauX6dx1EEx+AEnAEXnIM6uAEN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/ZH3+APzflKE=</latexit>

(V ⇥ V )

<latexit sha1_base64="f3MbUk4F0uPixlA9yBRCqAqS4LI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0ikoMeCF48VbFpoQtlsN+3SzQe7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKTQ6Djf1sbm1vbObmWvun9weHRcOzn1dJorxjsslanqhVRzKRLeQYGS9zLFaRxK3g0nd3O/+8SVFmnyiNOMBzEdJSISjKKR/IZHfBQx18S7GtTqju0sQNaJW5I6lGgPal/+MGV5zBNkkmrdd50Mg4IqFEzyWdXPNc8om9AR7xuaULMnKBY3z8ilUYYkSpWpBMlC/T1R0FjraRyazpjiWK96c/E/r59jdBsUIsly5AlbLopySTAl8wDIUCjOUE4NoUwJcythY6ooQxNT1YTgrr68Trxr223azYdmvWWXcVTgHC6gAS7cQAvuoQ0dYJDBM7zCm5VbL9a79bFs3bDKmTP4A+vzB38EkKA=</latexit>

X̂ = Ŵ1 ⌦̂ ŴT
2

<latexit sha1_base64="Ktjj8Q8YoxJvfP5u4J1bC32UyAY=">AAACLnicbVDLSgMxFM3UV62vqks3wSK4KjOloBuhoII7K/QFnTrcSdM2NPMwyQhlmC9y46/oQlARt36GaTtKbT0QcnLuudzc44acSWWar0ZmaXlldS27ntvY3Nreye/uNWQQCULrJOCBaLkgKWc+rSumOG2FgoLnctp0h+fjevOeCskCv6ZGIe140PdZjxFQWnLyl/YAVNxKsH0XQRefpfdEbSaONfu2rz3ahx/rr6d0W3PyBbNoToAXiZWSAkpRdfLPdjcgkUd9RThI2bbMUHViEIoRTpOcHUkaAhlCn7Y19cGjshNP1k3wkVa6uBcIfXyFJ+psRwyelCPP1U4P1EDO18bif7V2pHqnnZj5YaSoT6aDehHHKsDj7HCXCUoUH2kCRDD9V0wGIIAonXBOh2DNr7xIGqWiVS6Wb8qFykUaRxYdoEN0jCx0giroClVRHRH0gJ7QG3o3Ho0X48P4nFozRtqzj/7A+PoGjZuoQQ==</latexit>

(V ⇥ V )

<latexit sha1_base64="f3MbUk4F0uPixlA9yBRCqAqS4LI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0ikoMeCF48VbFpoQtlsN+3SzQe7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKTQ6Djf1sbm1vbObmWvun9weHRcOzn1dJorxjsslanqhVRzKRLeQYGS9zLFaRxK3g0nd3O/+8SVFmnyiNOMBzEdJSISjKKR/IZHfBQx18S7GtTqju0sQNaJW5I6lGgPal/+MGV5zBNkkmrdd50Mg4IqFEzyWdXPNc8om9AR7xuaULMnKBY3z8ilUYYkSpWpBMlC/T1R0FjraRyazpjiWK96c/E/r59jdBsUIsly5AlbLopySTAl8wDIUCjOUE4NoUwJcythY6ooQxNT1YTgrr68Trxr223azYdmvWWXcVTgHC6gAS7cQAvuoQ0dYJDBM7zCm5VbL9a79bFs3bDKmTP4A+vzB38EkKA=</latexit>

(D ⇥ V )

<latexit sha1_base64="HDkDnYlSdIA2CXh6qvKX74eaxos=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL8uuBPQY0IPHCOYB2SXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7glQKjY7zbZU2Nre2d8q7lb39g8Oj6vFJRyeZYrzNEpmoXkA1lyLmbRQoeS9VnEaB5N1gcjv3u09caZHEjzhNuR/RUSxCwSgayavfEQ9FxDXpXA6qNcd2FiDrxC1IDQq0BtUvb5iwLOIxMkm17rtOin5OFQom+aziZZqnlE3oiPcNjanZ4+eLm2fkwihDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkAZCgUZyinhlCmhLmVsDFVlKGJqWJCcFdfXiedK9tt2I2HRq1pF3GU4QzOoQ4uXEMT7qEFbWCQwjO8wpuVWS/Wu/WxbC1Zxcwp/IH1+QNjCJCO</latexit>

(D ⇥D)

<latexit sha1_base64="qE3NmuiLkU+0RZxCRyJhqBNUEys=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBDiZdmVgB4D5uAxgnlAdgmzk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+6uIJVCo+N8WxubW9s7u6W98v7B4dFx5eS0o5NMMd5miUxUL6CaSxHzNgqUvJcqTqNA8m4wuZv73SeutEjiR5ym3I/oKBahYBSN5NWaxEMRcU2aV4NK1bGdBcg6cQtShQKtQeXLGyYsi3iMTFKt+66Top9ThYJJPit7meYpZRM64n1DY2r2+Pni5hm5NMqQhIkyFSNZqL8nchppPY0C0xlRHOtVby7+5/UzDG/9XMRphjxmy0VhJgkmZB4AGQrFGcqpIZQpYW4lbEwVZWhiKpsQ3NWX10nn2nbrdv2hXm3YRRwlOIcLqIELN9CAe2hBGxik8Ayv8GZl1ov1bn0sWzesYuYM/sD6/AFHrpB8</latexit>

(V ⇥D)

<latexit sha1_base64="9KX/ypQNBxhf3KCBw40kAYNo7G0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL8uuBPQY0IPHCOYB2SXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7glQKjY7zbZU2Nre2d8q7lb39g8Oj6vFJRyeZYrzNEpmoXkA1lyLmbRQoeS9VnEaB5N1gcjv3u09caZHEjzhNuR/RUSxCwSgayat3iIci4prcXQ6qNcd2FiDrxC1IDQq0BtUvb5iwLOIxMkm17rtOin5OFQom+aziZZqnlE3oiPcNjanZ4+eLm2fkwihDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkAZCgUZyinhlCmhLmVsDFVlKGJqWJCcFdfXiedK9tt2I2HRq1pF3GU4QzOoQ4uXEMT7qEFbWCQwjO8wpuVWS/Wu/WxbC1Zxcwp/IH1+QNjqpCO</latexit>

⌦ = diag(!1, . . . ,!V )

<latexit sha1_base64="xG3gIUPVKNu8htgYLt4buJKy4mM=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUkDojA7oRCm7cWcE+oFNKJr1tQzMPkjtiGfoZbvwVNy4Ucdudf2P6WGjrgZDDOffe5B4/lkKjbX9bmZXVtfWN7GZua3tndy+/f1DTUaI4VHkkI9XwmQYpQqiiQAmNWAELfAl1f3Az8euPoLSIwgccxtAKWC8UXcEZGqmdP/fuAugxek09hCdMO4L1RkUvmoht54x6nQi1uWZC7bSdL9glewq6TJw5KZA5Ku382IzgSQAhcsm0bjp2jK2UKRRcwijnJRpixgesB01DQxaAbqXTxUb0xCgd2o2UOSHSqfq7I2WB1sPAN5UBw75e9Cbif14zwe5VKxVhnCCEfPZQN5EUIzpJiXaEAo5yaAjjSpi/Ut5ninE0WeZMCM7iysukdlFy3JJ77xbK7jyOLDkix6RIHHJJyuSWVEiVcPJMXsk7+bBerDfr0/qalWasec8h+QNr/APUbp74</latexit>

!1 > !2 > · · · > !V

<latexit sha1_base64="V94y8z15wuORTOdjw93bbggxHVk=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKqzJTBnQlBTcuK9gLtMOQSdM2NJchyQhl6Bu48VXcuFDErVt3vo2ZdkBt/SHw8Z9zkpw/ThjVxvO+nJXVtfWNzdJWeXtnd2/fPThsaZkqTJpYMqk6MdKEUUGahhpGOokiiMeMtOPxdV5v3xOlqRR3ZpKQkKOhoAOKkbFW5J71JCdDFPnwChZYy7Evjf6xWpFb8areTHAZ/AIqoFAjcj/tFTjlRBjMkNZd30tMmCFlKGZkWu6lmiQIj9GQdC0KxIkOs9k+U3hqnT4cSGWPMHDm/p7IENd6wmPbyZEZ6cVabv5X66ZmcBlmVCSpIQLPHxqkDBoJ83BgnyqCDZtYQFhR+1eIR0ghbGyEZRuCv7jyMrRqVT+oBrdBpR4UcZTAMTgB58AHF6AObkADNAEGD+AJvIBX59F5dt6c93nrilPMHIE/cj6+Af5BmrU=</latexit>

DP
i=1

!i

VP
i=1

!i

<latexit sha1_base64="hGQjILhL9EStcQN/O6gRhjpPe6c=">AAACLXicbZDLSsNAFIYn9VbrLerSzWARXJVECroRCrpwWcFeoIlhMp20Q2cmYWYilJAXcuOriOCiIm59DadtQG17YODn/87hzPnDhFGlHWdildbWNza3ytuVnd29/QP78Kit4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6mfLOE5GKxuJBjxPiczQQNKIYaWMF9i30Iolw5qmUe4xyqlWQ0Ws3fzQk5mSAApqvoFk7/+WBXXVqzqzgsnALUQVFNQP7zevHOOVEaMyQUj3XSbSfIakpZiSveKkiCcIjNCA9IwXiRPnZ7NocnhmnD6NYmic0nLl/JzLElRrz0HRypIdqkU3NVayX6ujKz6hIUk0Eni+KUgZ1DKfRwT6VBGs2NgJhSc1fIR4ik542AVdMCO7iycuifVFz67X6fb3aqBdxlMEJOAXnwAWXoAHuQBO0AAbP4BVMwIf1Yr1bn9bXvLVkFTPH4F9Z3z8VSqnW</latexit>
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The GloVe approach – Matrix Factorization instead of SVD – 

•  The SVD approach does not work well in practice for several reasons: 

•  The dimensions of the matrix change very often (new words are added very frequently and the 
corpus changes in size). 

•  The matrix is extremely sparse (i.e, it contains a lot of zero values) since most words do not co-
occur. 

•  The matrix is very high dimensional as the vocabulary size is usually huge. 

 
•  We are going to introduce another way of performing the factorization: Matrix Factorization Methods 

are widely used for generating meaningful and low-dimensional word representation.  

•  In the GloVe approach, since non-zero values are very large, we factorize the logarithm of  
(denoted          )   instead of factorizing     .  

•  Remark: Obviously, as we can’t apply the logarithm function on the entries with a zero value, we 
add 1 to all the element of the matrix before applying the logarithm).  

•  We want to factorize          into 2 matrices: 

•  We want to estimate                           with  

8(i, j) 2 V 2 Xij  Xij + 1

<latexit sha1_base64="oWcDMLOhc2gcWSAZkUf/1YO3gkg=">AAACInicbVDLSgNBEJyNrxhfUY9eBoMQUcJuCKi3gBePEcwDsjH0TmaTSWZn15lZJSz5Fi/+ihcPinoS/BgnD0GjBQ1FVTfdXV7EmdK2/WGlFhaXllfSq5m19Y3Nrez2Tk2FsSS0SkIeyoYHinImaFUzzWkjkhQCj9O6Nzgf+/VbKhULxZUeRrQVQFcwnxHQRmpnz1w/lMA5zrPj/iF2mcC16yJ2b2Lo4EY7Yf0Rdjn1NUgZ3n0rR9jB7WzOLtgT4L/EmZEcmqHSzr65nZDEARWacFCq6diRbiUgNSOcjjJurGgEZABd2jRUQEBVK5m8OMIHRulgc6spofFE/TmRQKDUMPBMZwC6p+a9sfif14y1f9pKmIhiTQWZLvJjjnWIx3nhDpOUaD40BIhk5lZMeiCBaJNqxoTgzL/8l9SKBadUKF2WcuXSLI402kP7KI8cdILK6AJVUBURdI8e0TN6sR6sJ+vVep+2pqzZzC76BevzC+Brofw=</latexit>

logX

<latexit sha1_base64="1aom15dWetyKg6OScI9O/l8BJqs=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezKgh4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZelApurOd9o9LG5tb2Tnm3srd/cHhUPT5pG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60ST27nfeWLacCUf7DRlYUJGksecEuukdl+oEe4OqjWv7i2A14lfkBoUaA6qX/2holnCpKWCGNPzvdSGOdGWU8FmlX5mWErohIxYz1FJEmbCfHHtDF84ZYhjpV1Jixfq74mcJMZMk8h1JsSOzao3F//zepmNb8KcyzSzTNLlojgT2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUcSH4qy+vk/ZV3Q/qwX1QawRFHGU4g3O4BB+uoQF30IQWUHiEZ3iFN6TQC3pHH8vWEipmTuEP0OcPFjyOxQ==</latexit>

X

<latexit sha1_base64="eUQTovH2fIKrnlZy961Im4ePLt8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDVh8MPN6bYWZemAqujet+OaWNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+H0duF3H1Fpnsh7M0sxiOlY8ogzaqzU6g2rNbfuLkH+Eq8gNSjQHFY/B6OEZTFKwwTVuu+5qQlyqgxnAueVQaYxpWxKx9i3VNIYdZAvD52TC6uMSJQoW9KQpfpzIqex1rM4tJ0xNRO97i3E/7x+ZqKbIOcyzQxKtloUZYKYhCy+JiOukBkxs4Qyxe2thE2ooszYbCo2BG/95b+kc1X3/Lrf8msNv4ijDGdwDpfgwTU04A6a0AYGCE/wAq/Og/PsvDnvq9aSU8ycwi84H9+zyYzV</latexit>

X

<latexit sha1_base64="eUQTovH2fIKrnlZy961Im4ePLt8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDVh8MPN6bYWZemAqujet+OaWNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+H0duF3H1Fpnsh7M0sxiOlY8ogzaqzU6g2rNbfuLkH+Eq8gNSjQHFY/B6OEZTFKwwTVuu+5qQlyqgxnAueVQaYxpWxKx9i3VNIYdZAvD52TC6uMSJQoW9KQpfpzIqex1rM4tJ0xNRO97i3E/7x+ZqKbIOcyzQxKtloUZYKYhCy+JiOukBkxs4Qyxe2thE2ooszYbCo2BG/95b+kc1X3/Lrf8msNv4ijDGdwDpfgwTU04A6a0AYGCE/wAq/Og/PsvDnvq9aSU8ycwi84H9+zyYzV</latexit>

logX

<latexit sha1_base64="O9HQPuKicsx7SfP0bqmXYfV+nnY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHgxWME84BkCbOT2WTI7Mwy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpVJY9P1vb2Nza3tnt7RX3j84PDqunJy2rc4M4y2mpTbdiFouheItFCh5NzWcJpHknWhyN/c7T9xYodUjTlMeJnSkRCwYRSd1+lKPSJcMKlW/5i9A1klQkCoUaA4qX/2hZlnCFTJJre0FfophTg0KJvms3M8sTymb0BHvOapowm2YL86dkUunDEmsjSuFZKH+nshpYu00iVxnQnFsV725+J/XyzC+DXOh0gy5YstFcSYJajL/nQyF4Qzl1BHKjHC3EjamhjJ0CZVdCMHqy+ukfV0L6rX6Q73aqBdxlOAcLuAKAriBBtxDE1rAYALP8ApvXuq9eO/ex7J1wytmzuAPvM8fbcCO7w==</latexit>

W, W̃ 2 RV⇥D

<latexit sha1_base64="3VGjz5s2YQebmTnkXnLAlaw5IFw=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahBymJBPRY0IPHKrYpNLFsNtt26WYTdjdCCfkLXvwrXjwo4tWbN/+NmzYHbX0w8Hhvhpl5QcKoVJb1bVRWVtfWN6qbta3tnd09c/+gK+NUYNLBMYtFL0CSMMpJR1HFSC8RBEUBI24wuSx894EISWN+p6YJ8SM04nRIMVJaGpgN9xR6irKQZG4OPcqhFyE1DoLsNr/PuoUXEQmv8oFZt5rWDHCZ2CWpgxLtgfnlhTFOI8IVZkjKvm0lys+QUBQzkte8VJIE4Qkakb6mHOk9fjb7KIcnWgnhMBa6uIIz9fdEhiIpp1GgO4tz5aJXiP95/VQNL/yM8iRVhOP5omHKoIphEQ8MqSBYsakmCAuqb4V4jATCSodY0yHYiy8vk+5Z03aazo1TbzllHFVwBI5BA9jgHLTANWiDDsDgETyDV/BmPBkvxrvxMW+tGOXMIfgD4/MHgGCcyQ==</latexit>

D << V

<latexit sha1_base64="dZVo+EQNaMh/RHYjGwgoK6ARfvk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoIceCnrwWMHGQhvKZrtp1252w+5GKKH/wYsHRbz6f7z5b9y2OWjrg4HHezPMzItSzrRx3W+ntLa+sblV3q7s7O7tH1QPjwItM0Vom0guVSfCmnImaNsww2knVRQnEacP0fh65j88UaWZFPdmktIwwUPBYkawsVJwgxoNFPSrNbfuzoFWiVeQGhRo9atfvYEkWUKFIRxr3fXc1IQ5VoYRTqeVXqZpiskYD2nXUoETqsN8fu0UnVllgGKpbAmD5urviRwnWk+SyHYm2Iz0sjcT//O6mYmvwpyJNDNUkMWiOOPISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSxIXjLL6+S4KLu+XX/zq81/SKOMpzAKZyDB5fQhFtoQRsIPMIzvMKbI50X5935WLSWnGLmGP7A+fwB6neOAQ==</latexit>

logX ⇡ W ˜WT

<latexit sha1_base64="QYZ/3nuCcsm8djnmM7KEhvnHnPM=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSQS0GPBi8cKbVNoYtlsNu3STXbZ3Ygl9OLFv+LFgyJe/Q/e/Ddu2xy09cHA470ZZuZFglGlHefbWlldW9/YrGxVt3d29/btg8OO4rnEpI0547IbIUUYzUhbU81IV0iC0ogRPxpdT33/nkhFedbSY0HCFA0ymlCMtJH69knA+AB2YYCEkPwB+jDQlMWk8Cd3rb5dc+rODHCZuCWpgRLNvv0VxBznKck0ZkipnusIHRZIaooZmVSDXBGB8AgNSM/QDKVEhcXsiwk8M0oMEy5NZRrO1N8TBUqVGqeR6UyRHqpFbyr+5/VynVyFBc1ErkmG54uSnEHN4TQSGFNJsGZjQxCW1NwK8RBJhLUJrmpCcBdfXiadi7rr1b1br9bwyjgq4BicgnPggkvQADegCdoAg0fwDF7Bm/VkvVjv1se8dcUqZ47AH1ifP4kkl+4=</latexit>
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Matrix Factorization for Collabative Filtering  

•  Let us introduce the concept of Matrix Factorization in the context of Collaborative Filtering. 

•  Let us imagine that we have users who rate movies on some platform.  
•  The number of users is  
•  The number of movies is   
•  Each rating is a real number 

 

 
•  We end up with a very sparse matrix      of shape               (since most users have seen very few 

movies). 

•  Collaborative Filtering is the concept of using other people’s rating to make a rating prediction about a 
movie for a user who has never seen it.  

 

Movie 1 … Movie k … Movie K 
User 1 -2 -1 

User n 5 4 

User N 1 

...

<latexit sha1_base64="gflNAXfHytKoWQkP7nun5G8H2rw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VbCu0oWw2m3btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMSrTjLeZkko/BtRwKRLeRoGSP6aa0ziQvBuMb+d+d8K1ESp5wGnK/ZgOExEJRtFKnf4kVGgG1Zpbdxcg68QrSA0KtAbVr36oWBbzBJmkxvQ8N0U/pxoFk3xW6WeGp5SN6ZD3LE1ozI2fL66dkQurhCRS2laCZKH+nshpbMw0DmxnTHFkVr25+J/XyzC68XORpBnyhC0XRZkkqMj8dRIKzRnKqSWUaWFvJWxENWVoA6rYELzVl9dJ56ruNeqN+0at2SjiKMMZnMMleHANTbiDFrSBwRM8wyu8Ocp5cd6dj2VrySlmTuEPnM8fyX+POw==</latexit>

...

<latexit sha1_base64="gflNAXfHytKoWQkP7nun5G8H2rw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48VbCu0oWw2m3btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMSrTjLeZkko/BtRwKRLeRoGSP6aa0ziQvBuMb+d+d8K1ESp5wGnK/ZgOExEJRtFKnf4kVGgG1Zpbdxcg68QrSA0KtAbVr36oWBbzBJmkxvQ8N0U/pxoFk3xW6WeGp5SN6ZD3LE1ozI2fL66dkQurhCRS2laCZKH+nshpbMw0DmxnTHFkVr25+J/XyzC68XORpBnyhC0XRZkkqMj8dRIKzRnKqSWUaWFvJWxENWVoA6rYELzVl9dJ56ruNeqN+0at2SjiKMMZnMMleHANTbiDFrSBwRM8wyu8Ocp5cd6dj2VrySlmTuEPnM8fyX+POw==</latexit>

R

<latexit sha1_base64="35rUbWqtnhcLrDRqIsbiT7vYle4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipeT8oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atVas1ap1/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqrGMzw==</latexit>

N

<latexit sha1_base64="wWD56+9QixdKcsQmR5rPPV855hI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVr1atNWuVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/pKGMyw==</latexit>

K

<latexit sha1_base64="MmIUckKvHtRy7sEeNpHCjsyKvEQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VvVq11qxV6rU8jiKcwTlcggfXUIc7aEALGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AKAVjMg=</latexit>

(N,K)

<latexit sha1_base64="lZVmRppnNfdiRoBKA//ki13QYfY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdWdBjwYsgSAX7Ae1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT6YODx3gwz88KEM21c98sprKyurW8UN0tb2zu7e+X9g5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OL6a+e1HqjST4t5MEhrEeChYxAg2VmpVb8/QzWm/XHFr7hzoL/FyUoEcjX75szeQJI2pMIRjrbuem5ggw8owwum01Es1TTAZ4yHtWipwTHWQza+dohOrDFAklS1h0Fz9OZHhWOtJHNrOGJuRXvZm4n9eNzXRZZAxkaSGCrJYFKUcGYlmr6MBU5QYPrEEE8XsrYiMsMLE2IBKNgRv+eW/pHVe8/yaf+dX6n4eRxGO4Biq4MEF1OEaGtAEAg/wBC/w6kjn2Xlz3hetBSefOYRfcD6+Ab/2jeU=</latexit>
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Matrix Factorization for Collabative Filtering  

•  In order to approximate      , we factorize the matrix into two matrices 

•  We want to estimate the parameters      and      by minimizing  

•  Each row i of the       matrix is a D-dimensional vector representing the user i. Each dimension 
encodes a latent meaningful information about the user.  

•  Each row j of the          matrix is a D-dimensional vector representing the movie j. Similarly, each 
dimension encodes a meaningful information about the movie.  

R

<latexit sha1_base64="Yc90C6TRsQhxnc9xYCrloGflqTs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokE9Fjw4rEW+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJy2TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSs0kGlapbcxcg68QrSBUKNAaVr/4wYVnMFTJJjel5bopBTjUKJvms3M8MTymb0BHvWapozE2QLy6dkUurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0G+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlO2IXirL6+T9nXN82v+g1+t+0UcJTiHC7gCD26gDvfQgBYwiOAZXuHNmTgvzrvzsWzdcIqZM/gD5/MHAHaM+Q==</latexit>

R ⇡ R̂ = WW̃T

<latexit sha1_base64="1rgz1hJaxsrOhvza2ItPTpGthRg=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIJ6EYouHFZS9sUmlgmk2k7dPJg5kYsoWs3/oobF4q49Qvc+TdOHwttPXDhcM693HtPkAquwLK+jcLK6tr6RnGztLW9s7tn7h+0VJJJypo0EYlsB0QxwWPWBA6CtVPJSBQI5gbD64nv3jOpeBI3YJQyPyL9mPc4JaClrnlcxx5JU5k8YG9AIK+P8RV2sQdchCx3x3eNrlm2KtYUeJnYc1JGc9S65pcXJjSLWAxUEKU6tpWCnxMJnAo2LnmZYimhQ9JnHU1jEjHl59NXxvhUKyHuJVJXDHiq/p7ISaTUKAp0Z0RgoBa9ifif18mgd+nnPE4zYDGdLeplAkOCJ7ngkEtGQYw0IVRyfSumAyIJBZ1eSYdgL768TFrnFdupOLdOuerM4yiiI3SCzpCNLlAV3aAaaiKKHtEzekVvxpPxYrwbH7PWgjGfOUR/YHz+AOgRmbw=</latexit>

W =

0

B@
� W1 �
...

...
...

� WN �

1

CA 2 RN⇥D

<latexit sha1_base64="oyLojwMWodUPcpmKI+uBI1eAgCA="></latexit>

W̃ =

0

B@
� W̃1 �
...

...
...

� W̃K �

1

CA 2 RK⇥D

<latexit sha1_base64="VYmU41RKOWyy3Qid8hTSy1yUJbQ="></latexit>

W̃

<latexit sha1_base64="4DViMuuz69ZNOhzKXro4BGy3F9w=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae2oWw2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pmCTTjLdZIhPdC6jhUijeRoGS91LNaRxI3g0mt3O/+8S1EYl6wGnK/ZiOlIgEo2ilxwEKGfK8OyPDas2tuwuQdeIVpAYFWsPq1yBMWBZzhUxSY/qem6KfU42CST6rDDLDU8omdMT7lioac+Pni4tn5MIqIYkSbUshWai/J3IaGzONA9sZUxybVW8u/uf1M4xu/FyoNEOu2HJRlEmCCZm/T0KhOUM5tYQyLeythI2ppgxtSBUbgrf68jrpXNW9Rr1x36g1G0UcZTiDc7gED66hCXfQgjYwUPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8AaHmQtA==</latexit>

W

<latexit sha1_base64="fwGHLOwsAmFVLbWAF9+Gb16ruKk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2FZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMWyzRCTqIaQaBZfYNtwIfEgV0jgU2A0nt3O/+4RK80Tem2mKQUxHkkecUWOlVndQrbl1dwGyTryC1KBAc1D96g8TlsUoDRNU657npibIqTKcCZxV+pnGlLIJHWHPUklj1EG+OHRGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYlugpzLNDMo2XJRlAliEjL/mgy5QmbE1BLKFLe3EjamijJjs6nYELzVl9dJ56ru+XW/5dcafhFHGc7gHC7Bg2towB00oQ0MEJ7hFd6cR+fFeXc+lq0lp5g5hT9wPn8AskWM1A==</latexit>

user 1 

user 2 

W1 = [1, 0,�1]

<latexit sha1_base64="vOenk+UwdcwNFGHJjrlDAYnt254=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBQww7EtCLEPDiMYJ5wGZZZiezyZDZBzOzgbDkT7x4UMSrf+LNv3GS7EETCxqKqm66u4JUcKUd59sqbWxube+Udyt7+weHR/bxSUclmaSsTRORyF5AFBM8Zm3NtWC9VDISBYJ1g/H93O9OmFQ8iZ/0NGVeRIYxDzkl2ki+bXd9jO6Qi2vIqaEr7Pl21ak7C6B1ggtShQIt3/7qDxKaRSzWVBClXOyk2suJ1JwKNqv0M8VSQsdkyFxDYxIx5eWLy2fowigDFCbSVKzRQv09kZNIqWkUmM6I6JFa9ebif56b6fDWy3mcZprFdLkozATSCZrHgAZcMqrF1BBCJTe3IjoiklBtwqqYEPDqy+ukc13HjXrjsVFt1os4ynAG53AJGG6gCQ/QgjZQmMAzvMKblVsv1rv1sWwtWcXMKfyB9fkDJMKQsQ==</latexit>

W2 = [0.5, 1, 0.5]

<latexit sha1_base64="o7DmJo1vg8HfF3o0v6Gg1/9cOqA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgooSkVHQjFNy4rGAfkIYwmU7aoZNJmJkIIdT/0I0bF4q49UPc+TdO2i609cDlHs65l7lzgoRRqWz72yitrW9sbpW3Kzu7e/sH5uFRV8apwKSDYxaLfoAkYZSTjqKKkX4iCIoCRnrB5Lrwe/dESBrzO5UlxIvQiNOQYqS05JvVnt+AV9C1rfM6dOpQd883a7ZlzwBXibMgtdb+Y4Gntm9+DYYxTiPCFWZIStexE+XlSCiKGZlWBqkkCcITNCKuphxFRHr57PgpPNXKEIax0MUVnKm/N3IUSZlFgZ6MkBrLZa8Q//PcVIWXXk55kirC8fyhMGVQxbBIAg6pIFixTBOEBdW3QjxGAmGl86roEJzlL6+SbsNymlbzVqdhgTnK4BicgDPggAvQAjegDToAgww8g1fwZjwYL8a78TEfLRmLnSr4A+PzB8EflUk=</latexit>

W̃2 = [1, 0,�0.5]

<latexit sha1_base64="xiwq2FG4cFpnGnkY0LaO5s/ETNQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBRQ1JqehGKLhxWcE+oA1hMpm0QyeTMDMRSii48SP0A9y4UMStP+HOv3HSdqGtBy4czrmXe+/xE0alsu1vo7C0vLK6VlwvbWxube+Yu3stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafvDq9xv3xEhacxv1SghboT6nIYUI6UlzzzoKcoCkrXHXhVewq5TgXYFntrWmeuZZduyJ4CLxJmRcn37McdTwzO/ekGM04hwhRmSsuvYiXIzJBTFjIxLvVSSBOEh6pOuphxFRLrZ5IcxPNZKAMNY6OIKTtTfExmKpBxFvu6MkBrIeS8X//O6qQov3IzyJFWE4+miMGVQxTAPBAZUEKzYSBOEBdW3QjxAAmGlYyvpEJz5lxdJq2o5Nat2o9OwwBRFcAiOwAlwwDmog2vQAE2AwT14Bq/gzXgwXox342PaWjBmM/vgD4zPH97LmL8=</latexit>

W̃1 = [1,�1,�1]

<latexit sha1_base64="coDmiE6YyZAmvNm7aZC+L/CdS34=">AAACAnicbVBNS8NAEN3Ur1q1Rj2Jl8UieNCSSEEvQsGLxwr2A9IQNptNu3SzCbsboYTixT+hdy8eFPHqr/Dmv3GT9qCtDwYe780wM89PGJXKsr6N0tLyyupaeb2ysblV3TZ3djsyTgUmbRyzWPR8JAmjnLQVVYz0EkFQ5DPS9UdXud+9I0LSmN+qcULcCA04DSlGSkueud9XlAUk6048G15Cxz6Bp0W5nlmz6lYBuEjsGak1q485nlqe+dUPYpxGhCvMkJSObSXKzZBQFDMyqfRTSRKER2hAHE05ioh0s+KFCTzSSgDDWOjiChbq74kMRVKOI193RkgN5byXi/95TqrCCzejPEkV4Xi6KEwZVDHM84ABFQQrNtYEYUH1rRAPkUBY6dQqOgR7/uVF0jmr241640anUQdTlMEBOATHwAbnoAmuQQu0AQb34Bm8gjfjwXgx3o2PaWvJmM3sgT8wPn8AYmSYgA==</latexit>

Movie 1 

Movie 2 

WT
i W̃j

<latexit sha1_base64="s2Jlv92OxPd/YlaIx4MW4VtFwWE=">AAAB+3icbVDLSsNAFJ3UV62PpnXpZrAIrkIiBV0W3Lis0DaFNobJZNKOnUnCzEQtob/ixoUibv0NF+70I/wGp4+Fth64cDjnXu69J0gZlcq2P43C2vrG5lZxu7Szu7dfNivVjkwygUkbJywR3QBJwmhM2ooqRrqpIIgHjLjB6GLqu7dESJrELTVOicfRIKYRxUhpyTerrk+vW7CvKAtJ7k78G+ibNduyZ4CrxFmQWqNyx7/ev8tN3/zohwnOOIkVZkjKnmOnysuRUBQzMin1M0lShEdoQHqaxogT6eWz2yfwWCshjBKhK1Zwpv6eyBGXcswD3cmRGsplbyr+5/UyFZ17OY3TTJEYzxdFGYMqgdMgYEgFwYqNNUFYUH0rxEMkEFY6rpIOwVl+eZV0Ti2nbtWvdBoWmKMIDsEROAEOOAMNcAmaoA0wuAcP4Ak8GxPj0XgxXuetBWMxcwD+wHj7AXoBl78=</latexit>

2

<latexit sha1_base64="0lT0l/Qv5KCDvowzYo/BpWBtmxU=">AAAB6HicbZDLSsNAFIZPvNZ6q7p0EyyCq5DUgu4suHHZgr1AG8pketKOnUzCzEQooU/gxoUibn0F38Sdb+M07UJbfxj4+P9zmHNOkHCmtOt+W2vrG5tb24Wd4u7e/sFh6ei4peJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7SxvP6JULBb3epKgH5GhYCGjRBurUemXyq7j5rJXwVtA+ebzMle9X/rqDWKaRig05USprucm2s+I1IxynBZ7qcKE0DEZYtegIBEqP8sHndrnxhnYYSzNE9rO3d8dGYmUmkSBqYyIHqnlbGb+l3VTHV77GRNJqlHQ+Udhym0d27Ot7QGTSDWfGCBUMjOrTUdEEqrNbYrmCN7yyqvQqjhe1ak23HLNgbkKcApncAEeXEEN7qAOTaCA8AQv8Go9WM/Wm/U+L12zFj0n8EfWxw9aLI7J</latexit>

1.5

<latexit sha1_base64="utlahL51xTPhnC7ssjwBuYw+AiI=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXA0zWtGdBTcuK9oLtEPJpJk2NJMZkoxQhj6CGxeKuPUNfBN3vo3ptAtt/SHw8f/nkHNOkAiujet+o8LK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsY3Uzz1iNTmsfywYwT5kdkIHnIKTHWuveci1654jpuLrwM3hwq15/nueq98le3H9M0YtJQQbTueG5i/Iwow6lgk1I31SwhdEQGrGNRkohpP8tHneAT6/RxGCv7pMG5+7sjI5HW4yiwlRExQ72YTc3/sk5qwis/4zJJDZN09lGYCmxiPN0b97li1IixBUIVt7NiOiSKUGOvU7JH8BZXXobmmeNVneqdW6k5MFMRjuAYTsGDS6jBLdShARQG8AQv8IoEekZv6H1WWkDznkP4I/TxAzkdjz8=</latexit>

�1

<latexit sha1_base64="lLrlA66CJnakbdY8X+iqV0FYAM8=">AAAB6XicbZDLSgMxFIbPeK31VnUpSLAIbhxmtKC4seDGZRV7gXYomTTThiaZIckIZegbuHGhiFt3Po47H8S96WWhrT8EPv7/HHLOCRPOtPG8L2dhcWl5ZTW3ll/f2NzaLuzs1nScKkKrJOaxaoRYU84krRpmOG0kimIRcloP+9ejvP5AlWaxvDeDhAYCdyWLGMHGWncnfrtQ9FxvLDQP/hSKV99nB5fDj0qlXfhsdWKSCioN4Vjrpu8lJsiwMoxwOsy3Uk0TTPq4S5sWJRZUB9l40iE6sk4HRbGyTxo0dn93ZFhoPRChrRTY9PRsNjL/y5qpiS6CjMkkNVSSyUdRypGJ0Wht1GGKEsMHFjBRzM6KSA8rTIw9Tt4ewZ9deR5qp65fcku3XrHswkQ52IdDOAYfzqEMN1CBKhCI4BGe4cXpO0/Oq/M2KV1wpj178EfO+w8xXZAR</latexit>

0

<latexit sha1_base64="oWj19El9ZB0OUlwa5a4kD6qTnmY=">AAAB5HicbZDLSsNAFIZP6q3GW3XrZrAIrkKigu4suHFZwV6gDWUyPWnHTiZhZiKU0idw40Jx6zv4Ju58G6dpF9r6w8DH/5/DnHOiTHBtfP/bKa2tb2xulbfdnd29/YOKe9jUaa4YNlgqUtWOqEbBJTYMNwLbmUKaRAJb0eh2lreeUGmeygczzjBM6EDymDNqrHXv9ypV3/MLkVUIFlC9+bwoVO9Vvrr9lOUJSsME1boT+JkJJ1QZzgRO3W6uMaNsRAfYsShpgjqcFINOyal1+iROlX3SkML93TGhidbjJLKVCTVDvZzNzP+yTm7i63DCZZYblGz+UZwLYlIy25r0uUJmxNgCZYrbWQkbUkWZsbdx7RGC5ZVXoXnuBZfeZbXmwVxlOIYTOIMArqAGd1CHBjBAeIZXeHMenRfnfV5YchYdR/BHzscP5YuNoQ==</latexit>

J =
NX

i=1

KX

j=1

(Rij � R̂ij)
2 =

NX

i=1

KX

j=1

(Rij �WT
i W̃j)

2

<latexit sha1_base64="yn1SES/TBP5PAE8VzgJrUC8VZbc="></latexit>

W

<latexit sha1_base64="4eUYN2k78vcASBZKn/ExA2JwVqc=">AAAB6HicbZDJSgNBEIZrXOO4RT16aQyCpzATAnoRA148JmAWSIbQ06lJ2vQsdPcIYcgTePGgiFd9CN/Di/g2dpaDJv7Q8PH/VXRV+YngSjvOt7Wyura+sZnbsrd3dvf28weHDRWnkmGdxSKWLZ8qFDzCuuZaYCuRSENfYNMfXk/y5j1KxePoVo8S9ELaj3jAGdXGqjW7+YJTdKYiy+DOoXD1YV8m7192tZv/7PRiloYYaSaoUm3XSbSXUak5Ezi2O6nChLIh7WPbYERDVF42HXRMTo3TI0EszYs0mbq/OzIaKjUKfVMZUj1Qi9nE/C9rpzq48DIeJanGiM0+ClJBdEwmW5Mel8i0GBmgTHIzK2EDKinT5ja2OYK7uPIyNEpFt1ws15xCpQQz5eAYTuAMXDiHCtxAFerAAOEBnuDZurMerRfrdVa6Ys17juCPrLcf+4KP/w==</latexit>

W̃

<latexit sha1_base64="yHRwD/sg7RkxVC5DKTaL5mxwibA=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJWZUtCNWHDjsoK9SDuUTOa0DU0yQ5IRytCncONCEXHnC/gebsS3Mb0stPWHwMf/n0POOWHCmTae9+3kVlbX1jfym+7W9s7uXmH/oKHjVFGo05jHqhUSDZxJqBtmOLQSBUSEHJrh8GqSN+9BaRbLWzNKIBCkL1mPUWKsddcxjEeQNcfdQtEreVPhZfDnULz8cC+Sty+31i18dqKYpgKkoZxo3fa9xAQZUYZRDmO3k2pICB2SPrQtSiJAB9l04DE+sU6Ee7GyTxo8dX93ZERoPRKhrRTEDPRiNjH/y9qp6Z0HGZNJakDS2Ue9lGMT48n2OGIKqOEjC4QqZmfFdEAUocbeyLVH8BdXXoZGueRXSpUbr1gto5ny6Agdo1PkozNURdeohuqIIoEe0BN6dpTz6Lw4r7PSnDPvOUR/5Lz/AFiFk7U=</latexit>

•  As an example: let us consider D=3 
latent dimensions: 

•  Sci-fi 
•  Comedy 
•  Romance 
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The GloVe approach 

•  In the GloVe approach, we are going to approximate the logarithm of the co-occurrence matrix by 
using the same factorization method. 

•  We also add a bias term for the matrix        and a bias term for         

•  The parameters of the model: 

•  The cost function of the weighted least squares regression model is: 

•  The weights              are added because we consider that rare occurrences are noisy and carry 
less information than the more frequent ones. 

W̃

<latexit sha1_base64="YG5vOfO3MGDM3GraY13l79L+q7s=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtCdBTcuK9iLtEPJZDJtaJIZkoxQhj6FGxVF3PoGvoY738ZM24W2/hD4+P9zyDknSDjTxnW/ncLK6tr6RnGztLW9s7tX3j9o6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB2MrvK8fU+VZrG8NeOE+gIPJIsYwcZadz3DeEiz9qRfrrhVdyq0DN4cKpefT7meG/3yVy+MSSqoNIRjrbuemxg/w8owwumk1Es1TTAZ4QHtWpRYUO1n04En6MQ6IYpiZZ80aOr+7siw0HosAlspsBnqxSw3/8u6qYku/IzJJDVUktlHUcqRiVG+PQqZosTwsQVMFLOzIjLEChNjb1SyR/AWV16G1lnVq1VrN26lXoOZinAEx3AKHpxDHa6hAU0gIOABXuDVUc6j8+a8z0oLzrznEP7I+fgBL+OVFQ==</latexit>

W

<latexit sha1_base64="POCgSIyzu5OrFwUVHKG/gduvyqY=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGCrqz4MZlC/YC7VAy6Zk2NpMZkoxQhj6BGxeK1KVv4Wu4821MLwtt/SHw8f/nkHNOkAiujet+O2vrG5tb27md/O7e/sFh4ei4oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7TRvPqLSPJb3ZpSgH9G+5CFn1Fir1uwWim7JnYmsgreA4s3nZKr3arfw1enFLI1QGiao1m3PTYyfUWU4EzjOd1KNCWVD2se2RUkj1H42G3RMzq3TI2Gs7JOGzNzfHRmNtB5Fga2MqBno5Wxq/pe1UxNe+xmXSWpQsvlHYSqIicl0a9LjCpkRIwuUKW5nJWxAFWXG3iZvj+Atr7wKjcuSVy6Va26xUoa5cnAKZ3ABHlxBBe6gCnVggPAEL/DqPDjPzpszmZeuOYueE/gj5+MH0uCRXw==</latexit>

8(i, j) 2 {1, . . . , V }2 logXij ⇡ WT
i

˜Wj + bi +˜bj

<latexit sha1_base64="vFmmDQQvRGdgDgfsodRSUSZw3Q0="></latexit>

W =

0

B@
� W1 �
...

...
...

� WV �

1

CA 2 RV⇥D

<latexit sha1_base64="NNrRK6LzAz/6zRfEpdiXOtBnnFM="></latexit>

W̃ =

0

B@
� W̃1 �
...

...
...

� W̃V �

1

CA 2 RV⇥D

<latexit sha1_base64="LXL1Pbgr1TVJTsQaDS4lv89T0JI="></latexit>

b =

0

B@
b1
...
bV

1

CA 2 RV

<latexit sha1_base64="KdzLDqniqHdi2pzoB5IEGq0gVr0="></latexit>

b̃ =

0

B@
b̃1
...
b̃V

1

CA 2 RV

<latexit sha1_base64="QN59J/mBi/xUGSXaoPE4bq8BOAw="></latexit>

J =

VX

i=1

VX

j=1

f(Xij)(logXij �WT
i

˜Wj � bi � ˜bj)
2

<latexit sha1_base64="AD1hNmyQdZFp+OCwjoFDcd/YFmc="></latexit>

f(Xij)

<latexit sha1_base64="EIbDDTVSYkakHECL/5UDbrTr6Kc=">AAAB8HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YlYCWARvtIpiHJEucncwmY2Zml5lZISz5ChsLRWz9Af/Dzh+w9BucPAqNHrhwOOde7r0niDnTxnU/nMzC4tLySnY1t7a+sbmV396p6yhRhNZIxCPVDLCmnElaM8xw2owVxSLgtBEMzsZ+444qzSJ5ZYYx9QXuSRYygo2VrsNis5Oy29FRJ19wS+4E6C/xZqRQ2bv4/HrL3FQ7+fd2NyKJoNIQjrVueW5s/BQrwwino1w70TTGZIB7tGWpxIJqP50cPEKHVumiMFK2pEET9edEioXWQxHYToFNX897Y/E/r5WY8NRPmYwTQyWZLgoTjkyExt+jLlOUGD60BBPF7K2I9LHCxNiMcjYEb/7lv6R+XPLKpfKlTaMMU2RhHw6gCB6cQAXOoQo1ICDgHh7hyVHOg/PsvExbM85sZhd+wXn9BgqPk48=</latexit>
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The Word2vec approach – The idea – 

•  To create word embedding using the Word2vec approach, the idea is to define a word by the 
context of this word in all the documents of the training corpus.  

•  For instance, let us consider the word « economy ». Obviously, the word « economy » is not 
going to appear in the same context as the word « rock ».  

•  The Word2vec approach consists in creating word embedding vectors by using a shallow neural 
network in order to: 

•  Predict the center word (« economy » in our example ») from the context words. It’s called 
The Continuous Bag of Words method (CBOW) 

•  Predict the context words from the center word. It’s called the Skipgram method.  

•  In our implementation we are going to focus on the Skipgram method with negative sampling. 
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The Word2vec approach – The data – 
•  Let us consider a window size of D.  

•  For each center word in our corpus, we have a list of 2*D context words assiociated with this center 
word (the ones on the right and the ones on the left).  

•  We can then define 2*D couples of (center word, context word) as shown in the figure with 
« economy » as a center word. These couples are associated with a label 1. 

•  By sampling a random word in the corpus, we can create other false couples of (center word, 
context word). These couples are associated with a label 0.  

Positive samples 

Negative samples 
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The Word2vec approach – The Forward Propagation – 

•  A one hot vector       representing the center word is 
feeded to the neural network. 

•   A first linear transformation maps          to the D-
dimensional vector       as follows: 

 

•  A second transformation maps the hidden vector       to       
the prediction vector      as follows: 

x̂

<latexit sha1_base64="KQqZN3w3MzZPSx4LZCQwzvnEx7k=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuCozUtCdBTcuK9gLtKVk0kwbmskMyRmxDH0IN4IVcesr+BrufBszbRfa+kPg4//PIeccP5bCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbrK8+cC1EZG6x3HMuyEdKBEIRtFazc6QYvo46RVLbtmdiayCt4DS9edLpmmtV/zq9COWhFwhk9SYtufG2E2pRsEknxQ6ieExZSM64G2LiobcdNPZuBNyZp0+CSJtn0Iyc393pDQ0Zhz6tjKkODTLWWb+l7UTDK66qVBxglyx+UdBIglGJNud9IXmDOXYAmVa2FkJG1JNGdoLFewRvOWVV6FxUfYq5cqdW6pWYK48nMApnIMHl1CFW6hBHRiM4Amm8OrEzrPz5rzPS3POoucY/sj5+AHO55RN</latexit>

x̂

<latexit sha1_base64="KQqZN3w3MzZPSx4LZCQwzvnEx7k=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8EiuCozUtCdBTcuK9gLtKVk0kwbmskMyRmxDH0IN4IVcesr+BrufBszbRfa+kPg4//PIeccP5bCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbrK8+cC1EZG6x3HMuyEdKBEIRtFazc6QYvo46RVLbtmdiayCt4DS9edLpmmtV/zq9COWhFwhk9SYtufG2E2pRsEknxQ6ieExZSM64G2LiobcdNPZuBNyZp0+CSJtn0Iyc393pDQ0Zhz6tjKkODTLWWb+l7UTDK66qVBxglyx+UdBIglGJNud9IXmDOXYAmVa2FkJG1JNGdoLFewRvOWVV6FxUfYq5cqdW6pWYK48nMApnIMHl1CFW6hBHRiM4Amm8OrEzrPz5rzPS3POoucY/sj5+AHO55RN</latexit>

h

<latexit sha1_base64="4IB3c7vPne/sw9raRyP0nx2B7fA=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGCrqz4MZlC/YCbSmZ9Ewbm8kMSUYoQ5/AjQtF6tK38DXc+TZm2i609YfAx/+fQ845fiy4Nq777aytb2xubed28rt7+weHhaPjho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHt1nefESleSTvzTjGbkgHkgecUWOt2rBXKLoldyayCt4Cijef00zv1V7hq9OPWBKiNExQrdueG5tuSpXhTOAk30k0xpSN6ADbFiUNUXfT2aATcm6dPgkiZZ80ZOb+7khpqPU49G1lSM1QL2eZ+V/WTkxw3U25jBODks0/ChJBTESyrUmfK2RGjC1QpridlbAhVZQZe5u8PYK3vPIqNC5LXrlUrrnFShnmysEpnMEFeHAFFbiDKtSBAcITvMCr8+A8O2/OdF665ix6TuCPnI8f7KSRcA==</latexit>

h

<latexit sha1_base64="4IB3c7vPne/sw9raRyP0nx2B7fA=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGCrqz4MZlC/YCbSmZ9Ewbm8kMSUYoQ5/AjQtF6tK38DXc+TZm2i609YfAx/+fQ845fiy4Nq777aytb2xubed28rt7+weHhaPjho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHt1nefESleSTvzTjGbkgHkgecUWOt2rBXKLoldyayCt4Cijef00zv1V7hq9OPWBKiNExQrdueG5tuSpXhTOAk30k0xpSN6ADbFiUNUXfT2aATcm6dPgkiZZ80ZOb+7khpqPU49G1lSM1QL2eZ+V/WTkxw3U25jBODks0/ChJBTESyrUmfK2RGjC1QpridlbAhVZQZe5u8PYK3vPIqNC5LXrlUrrnFShnmysEpnMEFeHAFFbiDKtSBAcITvMCr8+A8O2/OdF665ix6TuCPnI8f7KSRcA==</latexit>

p

<latexit sha1_base64="HleRd2mfYkNZq8kETgXY32kqc0M=">AAAB6HicbVDLSgNBEOyNr7g+EvXoZTEIegm7EtCbARE8JmAeEJcwO+lNxszOLjOzQljyBV48KOLV3/AvvPkJ/oWTx0ETCxqKqm66u4KEM6Vd98vKrayurW/kN+2t7Z3dQnFvv6niVFJs0JjHsh0QhZwJbGimObYTiSQKOLaC4dXEbz2gVCwWt3qUoB+RvmAho0QbqZ50iyW37E7hLBNvTkrVwvflqf1xXesWP+96MU0jFJpyolTHcxPtZ0RqRjmO7btUYULokPSxY6ggESo/mx46do6N0nPCWJoS2pmqvycyEik1igLTGRE9UIveRPzP66Q6vPAzJpJUo6CzRWHKHR07k6+dHpNINR8ZQqhk5laHDogkVJtsbBOCt/jyMmmelb1KuVI3aVRghjwcwhGcgAfnUIUbqEEDKCA8wjO8WPfWk/Vqvc1ac9Z85gD+wHr/AWyEj5M=</latexit>

h = W

T
1 x̂

<latexit sha1_base64="j++ferVHGv6eS4VdxeM8g1YZ034=">AAAB+3icbVBNS8NAEN1Uq7V+xXoSL4tF8GJJpGA9KAUvHiv0C9oYNttNs3SzCbsbaQn9K148KOLVu7/Bm//GTduDtj4YeLw3w8w8L2ZUKsv6NnJr6/mNzcJWcXtnd2/fPCi1ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONbjO/80iEpBFvqklMnBANOfUpRkpLrlkK4DXsuPZDE/YDpNLxtOiaZatizQBXib0g5fpR7TN/c+41XPOrP4hwEhKuMENS9mwrVk6KhKKYkWmxn0gSIzxCQ9LTlKOQSCed3T6Fp1oZQD8SuriCM/X3RIpCKSehpztDpAK57GXif14vUX7NSSmPE0U4ni/yEwZVBLMg4IAKghWbaIKwoPpWiAMkEFY6riwEe/nlVdK+qNjVSvVep3EF5iiAY3ACzoANLkEd3IEGaAEMxuAJvIBXY2o8G2/G+7w1ZyxmDsEfGB8/yCeVLQ==</latexit>

p = sigmoid(WT
2 h)

<latexit sha1_base64="QIlJTBt0YtfLG0dKWuTNX+SvHeE=">AAACBXicbVDLSgNBEOyNrxhfUU+ih0ER4iXshoB6EAJePEbIQ0himJ1MkiGzD2Z6xbAExIu/4sWDIl79B2/+jbNJDppY0FBUddPd5YZSaLTtbyu1sLi0vJJezaytb2xuZbd3ajqIFONVFshA3bhUcyl8XkWBkt+EilPPlbzuDi4Tv37HlRaBX8FhyFse7fmiKxhFI7WzByG5IE3k9xhr0fMC0Rnl6u3CbYX0TzLt7JGdt8cg88SZkqPS3gMkKLezX81OwCKP+8gk1brh2CG2YqpQMMlHmWakeUjZgPZ4w1Cfely34vEXI3JslA7pBsqUj2Ss/p6Iqaf10HNNp0exr2e9RPzPa0TYPWvFwg8j5D6bLOpGkmBAkkhIRyjOUA4NoUwJcythfaooQxNcEoIz+/I8qRXyTjFfvDZpnMMEadiHQ8iBA6dQgisoQxUYPMIzvMKb9WS9WO/Wx6Q1ZU1nduEPrM8fiYaYBQ==</latexit>
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The Word2vec approach – The Forward Propagation – 
•  Let     be the non zero position in the one hot 

vector       and     be one of the V dimensions 
of the prediction vector  

 
•  We can easily prove that: 

•  In other words, to predict      , we only need 
the row     of the matrix         and the row      
of the matrix  

x̂

<latexit sha1_base64="2JboLvq64x26rXPaF7gY7AB5KUs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoJ4MePEYwTwgWcLsZDYZMju7zPSKYclHePGgiFc/w2/w5t842eSgiQUNRVU33V1BIoVB1/12Ciura+sbxc3S1vbO7l55/6Bp4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WA9dGxOoexwn3IzpQIhSMopVa3SHF7HHSK1fcqpuDLBNvTirXn5Cj3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHUkUjbvwsP3dCTqzSJ2GsbSkkufp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzRaFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6p3Xj2/cyu1q1kaUIQjOIZT8OACanALdWgAgxE8wQu8Oonz7Lw577PWgjOfOYQ/cD5+AAiPkMI=</latexit>

o

<latexit sha1_base64="AAEGdiZCc9Tn8h7IHFytsxDXn24=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0Z8OIxAfOAZAmzk95kzOzOMjMrhJAv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6Omlqli2GBSSNUOqEbBY2wYbgS2E4U0CgS2gtHtzG89otJcxvdmnKAf0UHMQ86osVJd9oolt+xmIKvEW5DSzSdkqPWKX92+ZGmEsWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsTSmEWp/kh06JWdW6ZNQKluxIZn6e2JCI63HUWA7I2qGetmbif95ndSEV/6Ex0lqMGbzRWEqiJFk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK3W3VL2epwF5OIFTOAcPLqEKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMw6I3s</latexit>

x

<latexit sha1_base64="HiiWGbQaRroM2m2xz6etjpLtyRI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0Z8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+id/gzb9xsslBowUNRVU33V1BIrg2rvvl5FZW19Y38puFre2d3b3i/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrmd+6R6V5LG/NOEE/ogPJQ86osVL9oVcsuWU3A/lLvAUpXX1Ahlqv+NntxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k+zQKTmxSp+EsbIlDcnUnxMTGmk9jgLbGVEz1MveTPzP66QmvPAnXCapQcnmi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb/8lzTPyl6lXKm7perlPA3IwxEcwyl4cA5VuIEaNIABwiM8w4tz5zw5r87bvDXnLGYO4Rec928+jI31</latexit>

p

<latexit sha1_base64="5BjF8H58CdgzTxogXR5nKzdwM8s=">AAAB6HicbVC7SgNBFL0bXzG+oiltBoNgFXZDQO0CNpYJmAckS5id3E3GzD6YmRXCki+wsVDE1soPsbK08zP8AyePQhMPXDiccy/33uPFgitt219WZm19Y3Mru53b2d3bP8gfHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q19Vt3KBWPwhs9jtEN6CDkPmdUG6ke9/JFu2TPQFaJsyDFauH7vfzReqv18p/dfsSSAEPNBFWq49ixdlMqNWcCJ7luojCmbEQH2DE0pAEqN50dOiGnRukTP5KmQk1m6u+JlAZKjQPPdAZUD9WyNxX/8zqJ9i/clIdxojFk80V+IoiOyPRr0ucSmRZjQyiT3NxK2JBKyrTJJmdCcJZfXiXNcsmplCp1k8YlzJGFYziBM3DgHKpwDTVoAAOEe3iEJ+vWerCerZd5a8ZazBTgD6zXHz07kPE=</latexit>

p

<latexit sha1_base64="5BjF8H58CdgzTxogXR5nKzdwM8s=">AAAB6HicbVC7SgNBFL0bXzG+oiltBoNgFXZDQO0CNpYJmAckS5id3E3GzD6YmRXCki+wsVDE1soPsbK08zP8AyePQhMPXDiccy/33uPFgitt219WZm19Y3Mru53b2d3bP8gfHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q19Vt3KBWPwhs9jtEN6CDkPmdUG6ke9/JFu2TPQFaJsyDFauH7vfzReqv18p/dfsSSAEPNBFWq49ixdlMqNWcCJ7luojCmbEQH2DE0pAEqN50dOiGnRukTP5KmQk1m6u+JlAZKjQPPdAZUD9WyNxX/8zqJ9i/clIdxojFk80V+IoiOyPRr0ucSmRZjQyiT3NxK2JBKyrTJJmdCcJZfXiXNcsmplCp1k8YlzJGFYziBM3DgHKpwDTVoAAOEe3iEJ+vWerCerZd5a8ZazBTgD6zXHz07kPE=</latexit>

p

o

= sigmoid(W1[x]
T

W2[o])

<latexit sha1_base64="Brrf3kUwbsf4vQ7nCKYlXTCeGgg=">AAACEHicbVBNS8NAEN34bf2KHzcvi0Wsl5KUgl4EwYtHBWsLaQyb7aYubrJhdyKW0J/gxb/ixYMiXj1689+4SXvQ1gcDj/dmmJkXpoJrcJxva2Z2bn5hcWm5srK6tr5hb25da5kpylpUCqk6IdFM8IS1gINgnVQxEoeCtcO7s8Jv3zOluUyuYJAyPyb9hEecEjBSYB+kgcQnuAvsAXLN+7HkvWGtHbjeg39zhdtBw5P+YaUS2FWn7pTA08Qdk+rpTlTiIrC/uj1Js5glQAXR2nOdFPycKOBUsGGlm2mWEnpH+swzNCEx035ePjTE+0bp4UgqUwngUv09kZNY60Ecms6YwK2e9ArxP8/LIDr2c56kGbCEjhZFmcAgcZEO7nHFKIiBIYQqbm7F9JYoQsFkWITgTr48Ta4bdbdZb16aNJpohCW0i/ZQDbnoCJ2ic3SBWoiiR/SMXtGb9WS9WO/Wx6h1xhrPbKM/sD5/ALypnfs=</latexit>

p
o

<latexit sha1_base64="5eqf5t/GIE0nTNj694mL6esflNg=">AAAB7XicbVDLSgNBEOyNr7g+EvXoZTAIegm7EtCbARE8RjAPSJYwO5lNxszOLDOzQgj5By8eFPHqR/gX3vwE/8LZJAdNLGgoqrrp7goTzrTxvC8nt7K6tr6R33S3tnd2C8W9/YaWqSK0TiSXqhViTTkTtG6Y4bSVKIrjkNNmOLzK/OYDVZpJcWdGCQ1i3BcsYgQbKzWSrkSu2y2WvLI3BVom/pyUqoXvy1P347rWLX52epKkMRWGcKx12/cSE4yxMoxwOnE7qaYJJkPcp21LBY6pDsbTayfo2Co9FEllSxg0VX9PjHGs9SgObWeMzUAvepn4n9dOTXQRjJlIUkMFmS2KUo6MRNnrqMcUJYaPLMFEMXsrIgOsMDE2oCwEf/HlZdI4K/uVcuXWplGBGfJwCEdwAj6cQxVuoAZ1IHAPj/AML450npxX523WmnPmMwfwB877D7F1kMc=</latexit>

x

<latexit sha1_base64="/3lxRDbTQK05aUEE50n6InnPzc4=">AAAB6XicbZDLSgMxFIbPeK31VnXpJlgEV2VGCrqz4MZlFXuBdiiZNNOGZjJDckYspW/gxoWi3foUvoY738ZM24W2/hD4+P9zyDknSKQw6Lrfzsrq2vrGZm4rv72zu7dfODismzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG11neeODaiFjd4zDhfkR7SoSCUbTW3WO+Uyi6JXcqsgzeHIpXn++ZJtVO4avdjVkacYVMUmNanpugP6IaBZN8nG+nhieUDWiPtywqGnHjj6aTjsmpdbokjLV9CsnU/d0xopExwyiwlRHFvlnMMvO/rJVieOmPhEpS5IrNPgpTSTAm2dqkKzRnKIcWKNPCzkpYn2rK0B4nO4K3uPIy1M9LXrlUvnWLlTLMlINjOIEz8OACKnADVagBgxCe4AVenYHz7Lw5k1npijPvOYI/cj5+ADl3kZQ=</latexit>

W1

<latexit sha1_base64="TxthoJj/BNRJ8QTmsPPI0GVowEE=">AAAB7HicbVDLSgNBEOz1GeMrxqOXIUHwFHYloMeAHjxGcJNAsoTZSScZMju7zMwKYck3ePGgiNf8hX/gyZt/4+Rx0MSChqKqm+6uMBFcG9f9djY2t7Z3dnN7+f2Dw6PjwkmxoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/Obj6g0j+WDGScYRHQgeZ8zaqzkN7uZN+kWym7FnYOsE29JyrXc50fxdlqqdwtfnV7M0gilYYJq3fbcxAQZVYYzgZN8J9WYUDaiA2xbKmmEOsjmx07IuVV6pB8rW9KQufp7IqOR1uMotJ0RNUO96s3E/7x2avrXQcZlkhqUbLGonwpiYjL7nPS4QmbE2BLKFLe3EjakijJj88nbELzVl9dJ47LiVSvVe5tGFRbIwRmU4AI8uIIa3EEdfGDA4Qle4NWRzrPz5rwvWjec5cwp/IEz/QGNaZFv</latexit>

o

<latexit sha1_base64="Wl9v9I0+aFuL/pDj7hZWCX69P5U=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGCrqz4MZlC/YC7VAy6Zk2NjMZkoxQhj6BGxeK1KVv4Wu4821MLwtt/SHw8f/nkHNOkAiujet+O2vrG5tb27md/O7e/sFh4ei4oWWqGNaZFFK1AqpR8BjrhhuBrUQhjQKBzWB4O82bj6g0l/G9GSXoR7Qf85AzaqxVk91C0S25M5FV8BZQvPmcTPVe7Ra+Oj3J0ghjwwTVuu25ifEzqgxnAsf5TqoxoWxI+9i2GNMItZ/NBh2Tc+v0SCiVfbEhM/d3R0YjrUdRYCsjagZ6OZua/2Xt1ITXfsbjJDUYs/lHYSqIkWS6NelxhcyIkQXKFLezEjagijJjb5O3R/CWV16FxmXJK5fKNbdYKcNcOTiFM7gAD66gAndQhTowQHiCF3h1Hpxn582ZzEvXnEXPCfyR8/ED90CRdw==</latexit>

W2

<latexit sha1_base64="BYrygkLRue0WYVwqLRyYwZFPI7g=">AAAB6nicbVDLSgNBEOz1GeMrxqOXIUHwFHZDQI8BPXiMaB6QLGF20kmGzM4uM7NCWPIJXjwo4lX8C//Akzf/xsnjoIkFDUVVN91dQSy4Nq777aytb2xubWd2srt7+weHuaN8Q0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajy6nfvEeleSTvzDhGP6QDyfucUWOl22a33M0V3ZI7A1kl3oIUq5nPj/zVe6HWzX11ehFLQpSGCap123Nj46dUGc4ETrKdRGNM2YgOsG2ppCFqP52dOiGnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWyNxX/89qJ6V/4KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNJ2tD8JZfXiWNcsmrlCo3No0KzJGBEyjAGXhwDlW4hhrUgcEAHuAJnh3hPDovzuu8dc1ZzBzDHzhvP8qKkGQ=</latexit>

•  Let us consider the example of « economy » as a center word in one document, we have tho following 
couples of (center word, context word) , for center word in  

J = �
X

c2C

⇥
log(�(W

1

[idx

economy

]

TW
2

[c])) + log(1� �(W
1

[idx

music

]

TW
2

[c]))
⇤

<latexit sha1_base64="2PrMm7+9rFt6pMDPAKw+aR3yXiU="></latexit>

•  The loss associated with these 12 samples is: 

C = {idx
for

, senior
Bank

, idx
says

, idx
bosses

, idx
hurting

}

<latexit sha1_base64="LS1ZQSac5aI9WwGAlhvED6uaNTQ="></latexit>
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The Word2vec approach – The Learning Process – 
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Programming Session 


