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Overview

• Motivation 

• Transformers and self-attention



Encoders
• RNN: map each token vector 

a new context-aware token 
using a autoregressive 
sequential process 

• CNN: similar outcome, but 
with local context using filters 

• Attention can be an 
alternative method to 
generate context-dependent 
embeddings

the  movie  was   great

the  movie  was   great



LSTM/CNN Context

The ballerina is very excited that she will dance in the show.

• Pronouns context should be the antecedents (i.e., what they 
refer to) 

• Ambiguous words should consider local context 

• Words should look at syntactic parents/children 

• Problem: RNNs (i.e., LSTMs) and CNNs fail to do this

• What context do we want token embeddings to take into account?  

 

• What words need to be used as context here? 



LSTM/CNN Context
• Want: 

• LSTMs/CNNs: tend to be local 

• To appropriately contextualize, need to pass 
information over long distances for each word

The ballerina is very excited that she will dance in the show.

The ballerina is very excited that she will dance in the show.



Self-attention
• Each word is a query to form attention over all tokens 

• This generates a context-dependent representation 
of each token: a weighted sum of all tokens 

• The attention weights dynamically mix how much is 
taken from each token 

• Can run this process iteratively, at each step 
computing self-attention on the output of the previous 
level  

[Vaswani et al. 2017]
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the  movie  was   great

x1
4

<latexit sha1_base64="NfGqQtTKsqSq/7kig80NSO+/dHE=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHxRFqD0SPRi0dM5COBQrbLFjZst83uVCEN/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeHwuu0XG+rdza+sbmVn67sLO7t39QPDxq6ChRlNVpJCLV8olmgktWR46CtWLFSOgL1vRHtzO/+ciU5pF8wEnMvJAMJA84JWikbgfZGP0gHU97la7bK5acsjOHvUrcjJQgQ61X/Or0I5qETCIVROu268TopUQhp4JNC51Es5jQERmwtqGShEx76fzqqX1mlL4dRMqURHuu/p5ISaj1JPRNZ0hwqJe9mfif104wuPZSLuMEmaSLRUEibIzsWQR2nytGUUwMIVRxc6tNh0QRiiaoggnBXX55lTQuym6lfHlfKVVvsjjycAKncA4uXEEV7qAGdaCg4Ble4c16sl6sd+tj0Zqzsplj+APr8weIRZKJ</latexit>

x2
4

<latexit sha1_base64="stMkgx+0O42DMWlSdhSYxV8JsAM=">AAAB9XicbVDLTgJBEJz1ifhCPXqZSEw8kV2C0SPRi0dM5JHAQmaHXpgw+8hMr0I2/IcXDxrj1X/x5t84wB4UrKSTSlV3uru8WAqNtv1tra1vbG5t53byu3v7B4eFo+OGjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloeqPbmd98BKVFFD7gJAY3YINQ+IIzNFK3gzBGz0/H016lW+4VinbJnoOuEicjRZKh1it8dfoRTwIIkUumdduxY3RTplBwCdN8J9EQMz5iA2gbGrIAtJvOr57Sc6P0qR8pUyHSufp7ImWB1pPAM50Bw6Fe9mbif147Qf/aTUUYJwghXyzyE0kxorMIaF8o4CgnhjCuhLmV8iFTjKMJKm9CcJZfXiWNcsmplC7vK8XqTRZHjpySM3JBHHJFquSO1EidcKLIM3klb9aT9WK9Wx+L1jUrmzkhf2B9/gCJyZKK</latexit>

x3
4

<latexit sha1_base64="6O0mViidvkd2fskXV5K50OOnhPc=">AAAB9XicbVBNT8JAEJ36ifiFevTSSEw8kVYxeiR68YiJfCRQyHbZwobtttmdKqThf3jxoDFe/S/e/Dcu0IOCL5nk5b2ZzMzzY8E1Os63tbK6tr6xmdvKb+/s7u0XDg7rOkoUZTUaiUg1faKZ4JLVkKNgzVgxEvqCNfzh7dRvPDKleSQfcBwzLyR9yQNOCRqp00Y2Qj9IR5NuuXPRLRSdkjODvUzcjBQhQ7Vb+Gr3IpqETCIVROuW68TopUQhp4JN8u1Es5jQIemzlqGShEx76ezqiX1qlJ4dRMqURHum/p5ISaj1OPRNZ0hwoBe9qfif10owuPZSLuMEmaTzRUEibIzsaQR2jytGUYwNIVRxc6tNB0QRiiaovAnBXXx5mdTPS265dHlfLlZusjhycAwncAYuXEEF7qAKNaCg4Ble4c16sl6sd+tj3rpiZTNH8AfW5w+LTZKL</latexit>

x2
4

<latexit sha1_base64="stMkgx+0O42DMWlSdhSYxV8JsAM=">AAAB9XicbVDLTgJBEJz1ifhCPXqZSEw8kV2C0SPRi0dM5JHAQmaHXpgw+8hMr0I2/IcXDxrj1X/x5t84wB4UrKSTSlV3uru8WAqNtv1tra1vbG5t53byu3v7B4eFo+OGjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloeqPbmd98BKVFFD7gJAY3YINQ+IIzNFK3gzBGz0/H016lW+4VinbJnoOuEicjRZKh1it8dfoRTwIIkUumdduxY3RTplBwCdN8J9EQMz5iA2gbGrIAtJvOr57Sc6P0qR8pUyHSufp7ImWB1pPAM50Bw6Fe9mbif147Qf/aTUUYJwghXyzyE0kxorMIaF8o4CgnhjCuhLmV8iFTjKMJKm9CcJZfXiWNcsmplC7vK8XqTRZHjpySM3JBHHJFquSO1EidcKLIM3klb9aT9WK9Wx+L1jUrmzkhf2B9/gCJyZKK</latexit>



Self-attention

[Vaswani et al. 2017]
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Multiple Attention Heads
• Multiple attention heads can 

learn to attend in different ways 

• Why multiple heads? Softmax 
operations often end up peaky, 
making it hard to put weight on 
multiple items 

• Requires additional parameters 
to compute different attention 
values and transform vectors  

• Analogous to multiple 
convolutional filters 
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Multiple Attention Heads
k : level number

L : number of heads

X : input vectors
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What Can Self-attention do? 

• Attend to nearby related terms 

• But just the same to far semantically related terms

The ballerina is very excited that she will dance in the show.
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Details Details Details
• This is the basic building block of an architecture 

called Transformers 

• There are many details to get it to work, see 
Vaswani et al. 2017, later work, and available 
implementations 

• Significant improvements for many tasks, including 
machine translation (Vaswani et al. 2017) and 
context-dependent pre-trained embeddings (BERT; 
Devlin et al. 2018)


