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Many slides are adapted from Jurafsky & Martin (3rd ed.)



Lecture Outline

● Project Discussion
● N-Gram Language Models
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Project: Considerations

● Clearly define the research problem
● Constrain the scope so it is achievable in a semester 
● Identify what data is available for your type of task
● Consider compute resources
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Project: Where To Get Started?

● Start from a topic you are interested in!
○ Software engineering
○ Linguistics
○ Educational applications
○ …

● Recommended: Focus on NLP tasks or applications
● Come to office hours if you’d like to chat about your interests or ideas
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Project: Where To Get Started?
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Project: Where To Get Started?
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https://aclanthology.org/ 

https://aclanthology.org/


Project: Defining Scope
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Project: Example
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“I’m interested in LLMs for X”

I wonder 
{how well they perform on different types of X tasks,

how well they perform when used to evaluate X tasks, …} 

Search: “What is it called when LLMs are used to judge outputs?”

Idea: Analyzing LLM-as-Judge performance for LLM-generated X.



Project: A Few Ideas (From ACL Workshops)
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Project: A Few Ideas (From ACL Workshops)
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Project: A Few Ideas (From ACL Workshops)
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Lecture Outline

● Project Discussion
● N-Gram Language Models
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A language model assigns probabilities to sequences of words 

by computing either       or 

Probabilistic Language Modeling

Goal: compute the probability of a sentence or sequence of words:
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Related Task:  probability of an upcoming word:

or



Probabilistic Language Modeling

Spelling and grammar correction:
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Speech recognition systems:



“The water of Walden Pond is so beautifully blue”

How to Compute                 ?
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How to compute this joint probability?

Intuition: Let’s rely on the Chain Rule of Probability



The Chain Rule: Compute Joint Probability of Words in Sentence
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Count and divide?

How to Compute These Probabilities?
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No: Too many possible sentences!
We’ll never see enough data to estimate these.



Simplifying Assumption:

Markov Assumption
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Andrei Markov



We approximate each component of this product.

Bigram Markov Assumption
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instead of



General N-Gram Model For Each Component
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Simple Case: Unigram Model
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Some automatically generated sentences from a Shakespeare unigram model:

To him swallowed confess hear both . Which . Of save 
on trail for are ay device and rote life have

 Hill he late speaks ; or ! a more to leg less first 
you enter

(the probability of a word only depends on itself)



Bigram Model
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Some automatically generated sentences from a Shakespeare bigram model:

Why dost stand forth thy canopy, forsooth; he is this 
palpable hit the King Henry. Live king. Follow.

What means, sir. I confess she? then all sorts, he is 
trim, captain. 

(the probability of a word is conditioned on the previous word)



Trigram Model
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Some automatically generated sentences from a Shakespeare trigram model:

Fly, and will rid me these news of price. Therefore 
the sadness of parting, as they say,  ’tis done.

This shall forbid it should be branded, if renown made 
it empty  

(the probability of a word is conditioned on the previous two words)



I love this movie ≈ I adore this film 

Problems with N-Gram Language Models

Can extend this to 4-grams, 5-grams… But:
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1) N-grams can’t model long-range dependencies in language

“The soups that I made from that new cookbook I bought yesterday were 
amazingly delicious."

2) N-grams don't do well at modeling new sequences (even if they have 
similar meanings to sequences they've seen)



Estimating Bigram Probabilities

The Maximum Likelihood Estimate
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Simple Example
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<s> I am Sam </s>
<s> Sam I am </s>
<s> I do not like green eggs and ham </s>

Corpus



Larger Example: Berkeley Restaurant Project (BRP) Sentences
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● can you tell me about any good cantonese restaurants close by
● mid priced thai food is what i’m looking for
● tell me about chez panisse
● can you give me a listing of the kinds of food that are available
● i’m looking for a good place to eat breakfast
● when is caffe venezia open during the day

Example Sentences

Total: 9222 sentences



Raw Bigram Counts
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Out of 9222 sentences
Next Word

H
is

to
ry



Bigram Probabilities
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w
i

w
i-1

Normalize by Unigrams:

Results:



What Kinds of Knowledge Are Represented?
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(“want” is followed by infinitive “to”)
(“of” is not a verb)

Knowledge of Grammar

The words “dinner” and “lunch” are 
semantically related.

Knowledge of Meaning

Chinese food is popular.

Knowledge about the World



Bigram Estimates of Sentence Probabilities
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Low…



Dealing with Scale in Large N-Grams: Underflow
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Probabilities are stored and computed in log format, i.e. log probabilities

● Avoids underflow from multiplying many small numbers

● If we need probabilities, we can do on exp at the end



TODOs: 
● Continue brainstorming for your project.

Next Lecture: N-Gram Language Models (II)
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