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- Bengio, Yoshua, et al. "A neural probabilistic language model." Journal of 
machine learning research 3.Feb (2003): 1137-1155.

• Word2vec (2013)

- Mikolov, Tomas, et al. "Distributed representations of words and phrases and 
their compositionality." Advances in neural information processing systems. 
2013.

• RNNLM (2010)

- Mikolov, Tomáš, et al. "Recurrent neural network based language 
model." Eleventh annual conference of the international speech 
communication association. 2010.

• ELMo (2018)

- Peters, Matthew E., et al. "Deep contextualized word representations." arXiv
preprint arXiv:1802.05365 (2018).

• Transformer (2017)

- Vaswani, Ashish, et al. "Attention is all you need." Advances in neural 
information processing systems. 2017.
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Language Model

• Language model

- The language model is modeling the probability of generating natural 
language sentences or documents

- We can use the language model to estimate how natural a sentence or a 
document is, Also, with the language model, we can generate new sentences 
or documents

• Probabilistic Language Models

- Language models assign a probability to each sentence

- Example

• “this is a language model”
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𝑃 𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎, 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒,𝑚𝑜𝑑𝑒𝑙
= 𝑃(𝑡ℎ𝑖𝑠)𝑃(𝑖𝑠|𝑡ℎ𝑖𝑠) 𝑃 𝑎 𝑡ℎ𝑖𝑠, 𝑖𝑠 𝑃(𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒|𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎) 𝑃(𝑚𝑜𝑑𝑒𝑙|𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎, 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒)

𝑃 𝑊 = 𝑃 𝑤0, 𝑤1, … , 𝑤𝑛 =ෑ

𝑖=0

𝑊

𝑃(𝑤𝑖) = ෑ

𝑖=1

𝑊 +1

𝑃(𝑤𝑖|𝑤0, … , 𝑤𝑖−1)



Language Model

• Probabilistic Language Models

- Machine translation

• 𝑃 𝑡ℎ𝑖𝑠 𝑖𝑠 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑚𝑜𝑑𝑒𝑙 > 𝑃 𝑡ℎ𝑖𝑠 𝑎𝑟𝑒 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑚𝑜𝑑𝑒𝑙

- Spell correction

• 𝑃 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑢𝑛𝑛𝑦 𝑛𝑜𝑠𝑒 > 𝑃 𝐼 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑢𝑛𝑛𝑦 𝑛𝑜𝑖𝑠𝑒

- Speech recognition

• 𝑃 𝐼 𝑛𝑒𝑒𝑑 𝑎 𝑐𝑢𝑝 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 > 𝑃 𝐼 𝑛𝑒𝑎𝑡 𝑎 𝑐𝑢𝑝 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

- Etc…

• Count based word probability

- 𝑃 𝑚𝑜𝑑𝑒𝑙 𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎, 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒 =
𝑐𝑜𝑢𝑛𝑡(𝑡ℎ𝑖𝑠 𝑖𝑠 𝑎 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑚𝑜𝑑𝑒𝑙)

𝑐𝑜𝑢𝑛𝑡(𝑡ℎ𝑖𝑠 𝑖𝑠 𝑎 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒)

• This sentence is likely. However, it is likely to be a low probability depending on the 
characteristics of the corpus we have

• If we don’t have “𝑡ℎ𝑖𝑠 𝑖𝑠 𝑎 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒” sentence?

→ The denominator is 0

- It is sparsity problem
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Language Model

• N-gram language model

- Unigram, Bigram, Trigram, N-gram

• Bigram example

- 𝑃 𝑤𝑖 𝑤0, … , 𝑤𝑖−1 ≈ 𝑃 𝑤𝑖 𝑤𝑖−1

- Example

• “this is a language model”

- Still, It has a sparsity problem
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𝑃 𝑡ℎ𝑖𝑠 𝑖𝑠 𝑎 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒 𝑚𝑜𝑑𝑒𝑙
= 𝑃(𝑡ℎ𝑖𝑠)𝑃(𝑖𝑠|𝑡ℎ𝑖𝑠) 𝑃 𝑖𝑠 𝑡ℎ𝑖𝑠, 𝑖𝑠 (𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒|𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎) 𝑃 𝑚𝑜𝑑𝑒𝑙 𝑡ℎ𝑖𝑠, 𝑖𝑠, 𝑎, 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒

≈ 𝑃 𝑡ℎ𝑖𝑠 𝑃 𝑖𝑠 𝑡ℎ𝑖𝑠 𝑃(a|is)𝑃(𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒|𝑖𝑠)𝑃 𝑚𝑜𝑑𝑒𝑙 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒



Neural Language Model

• NPLM(Neural Probabilistic Language Model)
- 𝑃 𝑤𝑖 𝑤0, … , 𝑤𝑖−1 is obtained from neural networks
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• Bengio, Yoshua, et al. "A neural probabilistic language model." Journal of machine learning research 3.Feb (2003): 1137-1155.



Neural Language Model

• NPLM(Neural Probabilistic Language Model)
- Words are represented with a one-hot vector

• This = [1, 0, 0, 0, 0 …, 0], Is = [0, 1, 0, 0, 0 …, 0], a = [0, 0, 1, 0, 0 …, 0]

Language = [0, 0, 0, 1, 0 …, 0], Model = [0, 0, 0, 0, 1,…, 0]

- That’s a large vector → limit to 20,000 most frequent words

- Map each word first into a lower-dimensional real-valued space
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Neural Language Model

• NPLM(Neural Probabilistic Language Model)
- Add direct connections from embedding layer to output layer 

- Activation functions

• input→embedding: none 

• embedding→hidden: tanh

• hidden→output: softmax

- By-product: embedding of word into continuous space

- Similar contexts → similar embedding

- Recall: distributional semantics
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Neural Language Model

• NPLM(Neural Probabilistic Language Model)
- Word embedding (distributed representation)
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Word Embedding

• Word embedding model

- Sparse representation

• one-hot encoding = [0, 0,…1,…, 0]

- Distributed representation

• dense vector =  = [0.2, 0.7,…1.23,…,-2.3]

- One-hot representation → word embedding model → distributed 
representation(embedding vector)

- Embedding vector

• Low dimensional

• Trainable

• Float type
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Word Embedding

• Word2vec

- 2 basic neural network models:

• Continuous Bag of Word (CBOW): use a window of word to predict the middle word

• Skip-gram (SG): use a word to predict the surrounding ones in window
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• Mikolov, Tomas, et al. "Distributed representations of words and phrases and their compositionality." Advances in neural information processing systems. 2013.



Word Embedding

• Word2vec

- E.g. “this is a word embedding model”

- Window size = 2

- 𝑷 𝒘𝒐𝒓𝒅 𝒂, 𝒊𝒔, 𝒆𝒎𝒃𝒆𝒅𝒅𝒊𝒏𝒈,𝒎𝒐𝒅𝒆𝒍; 𝜽
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Word Embedding

• Word2vec

- Computation

• NPLM: (n*m)+(n*m*h)+(h*V)

• Word2vec: (n*m)+(m*V)

• Word2vec: (n*m)+(m*logV) with negative sampling

- Similar language model

• Glove, Fast-text, …
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• https://wikidocs.net/22660

https://wikidocs.net/22660


Contextual Language Model

• RNNLM: recurrent neural network based language model

- 𝑃 𝑤𝑖 𝑤0, … , 𝑤𝑖−1 is obtained from recurrent neural networks
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• Mikolov, Tomáš, et al. "Recurrent neural network based language model." Eleventh annual conference of the international speech communication association. 2010.
• https://dengliangshi.github.io/2017/01/01/neural-network-language-models.html

https://dengliangshi.github.io/2017/01/01/neural-network-language-models.html


Contextual Language Model

• ELMo: Embeddings from Language Models

- Bidirectional language model

• Forward pass

• Backward pass
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𝑃 𝑤0, 𝑤1, … , 𝑤𝑛 = ෑ

𝑖=1

𝑊 +1

𝑃(𝑤𝑖|𝑤0, … , 𝑤𝑖−1)

𝑃 𝑤0, 𝑤1, … , 𝑤𝑛 = ෑ

𝑖=1

𝑊 +1

𝑃(𝑤𝑖|𝑤𝑖+1, … , 𝑤𝑛)

• Peters, Matthew E., et al. "Deep contextualized word representations." arXiv preprint arXiv:1802.05365 (2018).



Contextual Language Model

• ELMo: Embeddings from Language Models

- Bidirectional language model

• Objective function → negative log likelihood
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• https://www.topbots.com/generalized-language-models-cove-elmo/

https://www.topbots.com/generalized-language-models-cove-elmo/


Contextual Language Model

• ELMo: Embeddings from Language Models

- Bidirectional language model
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https://medium.com/@plusepsilon/the-bidirectional-language-model-1f3961d1fb27

https://medium.com/@plusepsilon/the-bidirectional-language-model-1f3961d1fb27


Contextual Language Model

• ELMo: Embeddings from Language Models

- ELMo Representations → dynamic representations

• Example: “Broadway play produced by him”
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• https://wikidocs.net/33930

https://wikidocs.net/33930


Contextual Language Model

• ELMo: Embeddings from Language Models

- dynamic representations

- Disambiguate both the part of the speech and word sense in the source 
sentence
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• Peters, Matthew E., et al. "Deep contextualized word representations." arXiv preprint arXiv:1802.05365 (2018).



Transformer

• Seq2Seq (encoder-decoder)

- Missing long-term memory

- Vanishing gradients
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• https://towardsdatascience.com/seq2seq-model-in-tensorflow-ec0c557e560f
• Cho, Kyunghyun, et al. "On the properties of neural machine translation: Encoder-decoder approaches." arXiv preprint arXiv:1409.1259 (2014).

https://towardsdatascience.com/seq2seq-model-in-tensorflow-ec0c557e560f


Transformer

• Seq2Seq (encoder-decoder) with attention
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https://machinelearningmastery.com/how-does-attention-work-in-encoder-decoder-recurrent-neural-networks/

https://machinelearningmastery.com/how-does-attention-work-in-encoder-decoder-recurrent-neural-networks/


Transformer

• Seq2Seq (encoder-decoder) with attention
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https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3

https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3


Transformer

• Seq2Seq (encoder-decoder) with attention
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• Bahdanau, Dzmitry, Kyunghyun Cho, and Yoshua Bengio. "Neural machine translation by jointly learning to align and translate." arXiv preprint arXiv:1409.0473 (2014).
• https://www.tensorflow.org/tutorials/text/nmt_with_attention

https://www.tensorflow.org/tutorials/text/nmt_with_attention


Transformer

• Transformer

- Removing RNN

- How can we obtained attention score? → self attention
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removing RNN encoder decoder



Transformer

• Transformer

- Encoder

• Positional embedding

• Multi-head attention

• Add & layer normalization

- Decoder

• Inputs

• Masked multi-head attention

• Outputs
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• Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing systems. 2017.



Transformer

• Transformer

- Encoder

• Positional embedding

- Actual word representations are byte-pair encodings

- Also added is a positional encoding so same words at different locations 
have different overall representations
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Multi-head attention

- Self-attention

• Input: embeddings

• Weights: Wq, Wk, Wv

• Queries, keys values
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Multi-head attention

- Multi-head
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Multi-head attention
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Add & layer normalization
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Add & layer normalization

31

• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Decoder

• Inputs : Key(enc), Value(enc), Word embeddings (dec)
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Transformer

• Transformer

- Decoder

• Inputs
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Encoder

• Positional embedding

• Multi-head attention

• Add & layer normalization

- Decoder

• Masked multi-head attention

• Multi-head attention
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Transformer

- Decoder

• Outputs

• Cross-entropy, KL Divergence 
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• http://jalammar.github.io/illustrated-transformer/

http://jalammar.github.io/illustrated-transformer/


Transformer

• Experiments

• Base model for other language models

- BERT, GPT … 
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• Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing systems. 2017.



Reference
• Bengio, Yoshua, et al. "A neural probabilistic language model." Journal of machine learning 

research 3.Feb (2003): 1137-1155.

• Mikolov, Tomas, et al. "Distributed representations of words and phrases and their 
compositionality." Advances in neural information processing systems. 2013.

• https://wikidocs.net/22660

• https://dengliangshi.github.io/2017/01/01/neural-network-language-models.html

• Peters, Matthew E., et al. "Deep contextualized word representations." arXiv preprint 
arXiv:1802.05365 (2018).

• https://www.topbots.com/generalized-language-models-cove-elmo/

• https://medium.com/@plusepsilon/the-bidirectional-language-model-1f3961d1fb27

• https://wikidocs.net/33930

• https://towardsdatascience.com/seq2seq-model-in-tensorflow-ec0c557e560f

• Cho, Kyunghyun, et al. "On the properties of neural machine translation: Encoder-decoder 
approaches." arXiv preprint arXiv:1409.1259 (2014).

• https://machinelearningmastery.com/how-does-attention-work-in-encoder-decoder-recurrent-neural-
networks/

• https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3

• Bahdanau, Dzmitry, Kyunghyun Cho, and Yoshua Bengio. "Neural machine translation by jointly 
learning to align and translate." arXiv preprint arXiv:1409.0473 (2014).

• https://www.tensorflow.org/tutorials/text/nmt_with_attention

• Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing systems. 
2017.

• http://jalammar.github.io/illustrated-transformer/

37

https://wikidocs.net/22660
https://dengliangshi.github.io/2017/01/01/neural-network-language-models.html
https://www.topbots.com/generalized-language-models-cove-elmo/
https://medium.com/@plusepsilon/the-bidirectional-language-model-1f3961d1fb27
https://wikidocs.net/33930
https://towardsdatascience.com/seq2seq-model-in-tensorflow-ec0c557e560f
https://machinelearningmastery.com/how-does-attention-work-in-encoder-decoder-recurrent-neural-networks/
https://towardsdatascience.com/attn-illustrated-attention-5ec4ad276ee3
https://www.tensorflow.org/tutorials/text/nmt_with_attention
http://jalammar.github.io/illustrated-transformer/


Q&A
Thank you!
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