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Programming Languages  
C, C++, Java, Python, …

•unambiguous

•fixed (relatively)

•designed

• learnable?

•known semantics

Natural Languages  
French, English, Korean, Chinese, Tagalog, …

•ambiguous

•evolving

•transmitted

• learnable

•unknown semantics



Why is NLP computationally hard?
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Language is Complex 
DALL-E, Sep 4, 2023

How many different meanings does this sentence have?



• Lung cancer in women mushrooms


• Mushrooms is noun or a verb?


• Ban on nude dancing on governor's desk


• Similar to “if-then-else” ambiguity


• Island Monks Fly in Satellite to Watch Pope Funeral 


• “get delivery” vs. “fly into space”


• British Left Waffles on Falkland Islands


• Is it talking about the "British Left" political parties or "Left" as a verb?

Language is Ambiguous 



Language is ambiguous 

Google Translate Sep 4, 2023
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Language is ambiguous 



Language is ambiguous 



Language is ambiguous 

Pot

Pan
锅



Language is ambiguous 

Google Translate Sep 6, 2023



Language is ambiguous 

https://retrieverman.wordpress.com/2012/09/08/romeo-and-a-yellow-lab/

Russian author Sasha Sokolov wrote Between Dog and Wolf, which had been deemed untranslatable from the 
original Russian since 1980. Alexander Boguslawski translated the work to English in December 2017.

https://www.npr.org/2017/01/28/512199359/between-dog-and-wolf



• Google's Computer Might Betters Translation Tool 

• New York Times March 8, 2010


• Number of Lothian patients made ill by drinking rockets 

• Edinburgh Evening News, March 4, 2010


• Violinist linked to JAL crash blossoms 

• https://languagelog.ldc.upenn.edu/nll/?p=1693

Language is temporal 



Language is contextual 
The town councillors refused to give the angry demonstrators a 
permit because they feared violence.

Who feared violence?

A) the town councillors

B) the angry demonstrators



Language is contextual 
The town councillors refused to give the angry demonstrators a 
permit because they advocated violence. 

Who advocated violence?

A) the town councillors

B) the angry demonstrators



Language is contextual 

informal

Google Translate Sep 4, 2023



Language is contextual 
formal

Google Translate Sep 4, 2023



Linguistics

"Every time I fire a linguist, the performance of our speech recognition system goes up."


- Fred Jelinek, IBM Speech Recognition group circa 1980s 
https://en.wikiquote.org/wiki/Fred_Jelinek

The Scientific Study of Human Language Competence

https://en.wikiquote.org/wiki/Fred_Jelinek


Sounds
Pronunciation dialect map 
of the Netherlands based 
on phonetic edit-distance 
(W. Heeringa  Phd thesis, 
2004)



Words and morphemes

Image credit: Dinesh Ramoo

https://opentextbc.ca/psyclanguage/chapter/morphology-of-different-languages/

Mohawk or Kanienʼkéha



Words and morphemes

• There is often ambiguity in how morphemes get combined


• Take the word in English: delighted


• Can you find two different ways to create this word using morphemes?



1985 McDonnell Douglas Print Ad

https://www.ebay.com/itm/134242735420

(A computer that understands)
(you like your mother)

(A computer that understands you) 
(like your mother)

Syntax

https://www.ebay.com/itm/134242735420


Syntax
https://arxiv.org/abs/1912.00582

https://arxiv.org/abs/1912.00582


Semantics

https://www.youtube.com/watch?v=ltG37Bbx1qk

https://www.youtube.com/watch?v=ltG37Bbx1qk


Semantics

Not every viewer has a 
water buffalo (but some do)

Every single viewer does not 
have a water buffalo



Discourse
https://arxiv.org/abs/2210.06774

https://arxiv.org/abs/2210.06774


Discourse https://arxiv.org/abs/2210.06774

https://arxiv.org/abs/2210.06774


Sociolinguistics

• Dialects


• Bias


• Toxicity


• Sentiment Negative words change faster 
than positive words

Dan Jurafsky and James Martin. 
Speech and Language Processing 



Sociolinguistics

The Unbeatable 
Squirrel Girl (2015) #4 
(Marvel comics)



Reasoning and Inference

That professor dresses even worse than Anoop

What can you infer from this?

https://en.wikipedia.org/wiki/Cooperative_principle 

https://en.wikipedia.org/wiki/Cooperative_principle


Reasoning and Inference

https://nlp.stanford.edu/projects/snli/

https://nlp.stanford.edu/projects/snli/


• Material for some of these slides comes from ideas borrowed from Angel 
Chang, Danqi Chen, Karthik Narasimhan and others on the Slack group 
for teaching NLP. 


