
Natural Language 
Processing



Stuff we didn’t cover
• NLP applications 

• Cross-task benchmarks 

• Multi-task learning and transfer learning 

• Using unlabeled data 

• Generalization, Bias, Robustness 

• Architectures



NLP applications

• We skipped many NLP applications



Coreference resolution

Michelle LaVaughn Robinson Obama  
is an American lawyer and writer. She is 
the wife of the 44th president of the  
United States, Barack Obama, and the  
first African-American first lady of the  
United States

clustering together of expressions that refer to 
the same concept/entity



Main sub-tasks

• Entity extraction 

• Coreference resolution 

• Entity linking



Entity extraction

• Find all mentions of entities in a text 

• Michelle LaVaughn Robinson Obama 

• She 

• The wife of…  



Coreference resolution

• Clustering of the entities extracted

Barack Obama 
The president…

Michelle Obama 
she 

the wife of…  



Entity linking

Michelle Obama 
she 

the wife of…  



Natural Language Inference
Bowman et al., 2015

Approaches: represent both sentences and treat as a 
classification problem



Relation extraction



Cross-task benchmarks
Wang et al., 2015



Cross-task benchmarks

Dua et al., 2019

Talmor and Berant, 2019



Transfer learning

• Learning from multiple tasks and transferring 
knowledge from data rich problems to data poor 
problems 

• Multi-task learning 

• Recent tutorial

https://docs.google.com/presentation/d/1fIhGikFPnb7G5kr58OvYC3GN4io7MznnM0aAgadvJfc/edit


Unlabeled data
• More and more work on unsupervised and self-

supervised learning



Generalization

• We train models assuming the test distribution is 
identical to the training distribution 

• Often we find that any deviation from the 
distribution leads to low performance



Generalization
• Research threads: 

• Adversarial attacks: showing that it is easy to fail 
NLP models 

• Compositional generalization: if language is 
compositional, we expect to generalize to 
compositions of atoms seen at training time 

• Robustness: How to train models that are not 
sensitive to small changes to the input



Bias and ethics
• Representations learned from free text record and amplify 

existing human biases 

• doctor - man + woman = nurse 

• A lot of research on these biases and how to mitigate them 

• In general, NLP is now popular, which leads to ethically 
questionable research:



Architectures

• Graph neural networks 

• CNNs (there is a class just on that)



Semester B



Broad takeaways



What did we cover?
• Word embeddings 

• Language models 

• Sequence tagging 

• Syntactic parsing 

• Sequence-to-sequence models



Main technical tools
• Structured prediction 

• Deep learning 

• General recipe: 

• Define a parameterized mapping from input to output 

• Define a loss function 

• Optimize 

• Find best output at test time 



High-level observations
• Often linear models can be replaced with non-

linear ones without change to the guarantees 

• Burden is moving from inference to learning. 
Information flows between various variables in a 
neural network and inference becomes simple 

• This is evident in transformers 

• It is still an active research area



Hopefully you
• Appreciate the complexity of building systems for 

natural language 

• Understand the main tools used to build state-of-
the-art systems nowadays 

• Have solid background to read papers 

• Have solid background to develop models for NLP



Thank you!


