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Natural Language Processing (NLP)



Language is Hard
Emphasis can drastically change meaning

I didn’t eat your dog



NLP Tasks Examples
How many different NLP Input/Output agents can you think of?

Input Task Output



NLP Task: Sentiment Analysis
Sentiment analysis demo

https://text2data.com/Demo

“I recommend that you find something better to do with your time”

https://text2data.com/Demo


Vocab
Corpus

Tokenization/Tokens

Vocabulary

Context

Tokenizer



NLP Vocab
Corpus, Tokenizer

Tokenizer



Tokenization



Tokenization
Text encoding: token → index within vocabulary

What is our "vocabulary", i.e., what are our tokens?

▪ Characters

▪ Byte pair encoding

▪ Words and punctuation

I am Sam. I am 

Sam. Sam I am. 

That Sam-I-am. 

That Sam-I-am!

Corpus
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Tokenization
Text encoding: token → index within vocabulary

What is our "vocabulary", i.e., what are our tokens?
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Tokenization
Text encoding: token → index within vocabulary

Byte pair encoding (BPE)

I am Sam. I am Sam. Sam I am. 

That Sam-I-am. That Sam-I-am!
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Tokenization
Text encoding: token → index within vocabulary

Byte pair encoding (BPE)

I am Sam. I am Sam. Sam I am. 

That Sam-I-am. That Sam-I-am!
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Tokenization
Text encoding: token → index within vocabulary

What is our "vocabulary", i.e., what are our tokens?
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Language Models



Human Language Model

Wheel of Fortune

https://www.youtube.com/watch?v=-NIFGVlA3xI


What is a language model (LM)?



Example: Speech Recognition

“artificial ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅”

Find most probable next word given “artificial” and the audio for second word.

LM Applications: Speech Recognition

18



Example: Speech Recognition

“artificial ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅”

Find most probable next word given “artificial” and the audio for second word.

Which second word gives the 
highest probability?

𝑃 𝐥𝐢𝐦𝐛 artificial, audio)

𝑃 𝐢𝐧𝐭𝐞𝐥𝐥𝐢𝐠𝐞𝐧𝐜𝐞  artificial, audio)

𝑃 𝐟𝐥𝐚𝐯𝐨𝐫𝐢𝐧𝐠 artificial, audio)

Break down problem

n-gram probability * audio probability

𝑃 𝐥𝐢𝐦𝐛 artificial)  *  𝑃(audio ∣ 𝐥𝐢𝐦𝐛)

𝑃 𝐢𝐧𝐭𝐞𝐥𝐥𝐢𝐠𝐞𝐧𝐜𝐞  artificial)  *𝑃(audio ∣ 𝐢𝐧𝐭𝐞𝐥𝐥𝐢𝐠𝐞𝐧𝐜𝐞)

𝑃 𝐟𝐥𝐚𝐯𝐨𝐫𝐢𝐧𝐠 artificial)  *𝑃(audio ∣ 𝐟𝐥𝐚𝐯𝐨𝐫𝐢𝐧𝐠)

LM Applications: Speech Recognition



LM Applications: Text Generation
Given a LM that can model the joint distribution any 10-token 
sequence in the vocabulary, 𝑝 𝑤1, 𝑤2, … , 𝑤10 , how can we get the 
probability of a 6th token, given 5 previous tokens



Language Models
N-grams



N-gram Worksheet
Worksheet linked on website

https://www.cs.cmu.edu/~07280/lectures/07280_S26_Lec17_NLP_N-grams_worksheet.pdf
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