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Recap
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• Language modeling

• Recurrent Neural Network and Implementation

• Applications of Recurrent Neural Network

• Language modeling using Long Short-term Memory



History of Neural models in NLP

3Image source : https://www.ruder.io/a-review-of-the-recent-history-of-nlp/

https://www.ruder.io/a-review-of-the-recent-history-of-nlp/


Different variants of RNN

• Stacked RNN
• Bi-directional RNN
• Many more
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Sequence -to-Sequence learning

Image Reference: Speech and Language Processing by Daniel Jurafsky and James H. Martin 5



https://arxiv.org/pdf/1409.3215 6

https://arxiv.org/pdf/1409.3215


Encoder-Decoder model
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Problem- Bottleneck in Encoder-decoder

Requiring the context c to be only the encoder’s final hidden state forces all the
information from the entire source sentence to pass through this representational bottleneck
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Problems with Sequence to Sequence models
• fixed-length context vector design

o incapability of remembering long sentences

Imagine the whole universe in all its beauty - try to visualize everything you can 
find there and how you can describe it in words. Then imagine all of it is 
compressed into a single vector of size e.g. 512. Do you feel that the universe is 
still ok?

Not only it is hard for the encoder to put all information into a single vector - this is 
also hard for the decoder. 

The decoder sees only one representation of source. However, at each generation 
step, different parts of source can be more useful than others.

9https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Solution to bottleneck problem: Attention

Allow the decoder to get information from all the hidden states of 
the encoder, not just the last hidden state.

10Image Reference: Speech and Language Processing by Daniel Jurafsky and James H. Martin



Issues with Recurrent models: Linear interaction distance

11Adapted from cs224n-2024-lecture08-transformers.pdf (stanford.edu)

https://web.stanford.edu/class/archive/cs/cs224n/cs224n.1244/slides/cs224n-2024-lecture08-transformers.pdf


Lack of Parallelizability in RNN

• Forward and backward passes have O(seq length) unparallelizable operations

• GPUs (and TPUs) can perform many independent computations at once!

• But future RNN hidden states can’t be computed in full before past RNN hidden
states have been computed

• Inhibits training on very large datasets!

• Particularly problematic as sequence length increases, as we can no longer batch 
many examples together due to memory limitations
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Numbers indicate min # of steps before a state can be computed
12Adapted from cs224n-2024-lecture08-transformers.pdf (stanford.edu)

https://web.stanford.edu/class/archive/cs/cs224n/cs224n.1244/slides/cs224n-2024-lecture08-transformers.pdf
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Attention 

A Shiba Inu in a men’s outfit. The credit of the original photo goes to Instagram @mensweardog.
Source: https://lilianweng.github.io/posts/2018-06-24-attention/
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https://lilianweng.github.io/posts/2018-06-24-attention/


Attention
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16https://learning.rasa.com/transformers/self-attention/



17https://learning.rasa.com/transformers/self-attention/



18https://learning.rasa.com/transformers/self-attention/



19https://learning.rasa.com/transformers/self-attention/



20https://learning.rasa.com/transformers/self-attention/



21https://learning.rasa.com/transformers/self-attention/



22https://learning.rasa.com/transformers/self-attention/



23https://learning.rasa.com/transformers/self-attention/
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https://learning.rasa.com/transformers/self-attention/



25



26



27



28



29



30



31



32



33



Key, Value and Query

• The major component in the transformer is the unit of multi-head 
self-attention mechanism.
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51https://learning.rasa.com/transformers/self-attention/
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https://arxiv.org/abs/1706.0376254

https://arxiv.org/abs/1706.03762


The annotated Transformer (Code)

• The Annotated Transformer (harvard.edu)
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https://nlp.seas.harvard.edu/2018/04/03/attention.html
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References
• https://slds-lmu.github.io/seminar_nlp_ss20/attention-and-self-attention-for-nlp.html

• Attention? Attention! | Lil'Log (lilianweng.github.io)
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https://slds-lmu.github.io/seminar_nlp_ss20/attention-and-self-attention-for-nlp.html
https://lilianweng.github.io/posts/2018-06-24-attention/


Reference materials

• https://vlanc-lab.github.io/mu-nlp-
course/

• Lecture notes
• (A) Speech and Language Processing 
by Daniel Jurafsky and James H. Martin
• (B) Natural Language Processing with 
Python. (updated edition based on 
Python 3 and NLTK 3) Steven Bird et al. 
O’Reilly Media
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https://vlanc-lab.github.io/mu-nlp-course/​
https://vlanc-lab.github.io/mu-nlp-course/​
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