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Define "LLM application”



Define “large language model”



What is a language model?

Speech and Language Processing, chapter 3 “N-gram Language Models.” Daniel Jurafsky & James H. Martin.



How we’ll deviate from this definition:
• Our class focuses on neural language models.

• More specifically, we mostly focus on LMs that use the Transformer architecture.

• We’ll take a very expansive definition of “language.” Words can be:
• Code
• Music
• Proteins
• Tool calls
• Image patches
• etc.
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“large”



Google Search trends for LLM

https://trends.google.com/trends/explore?date=2022-01-01%202026-01-01&geo=US&q=%2Fg%2F11kc9956b3&hl=en



Google Search trends for LLM

https://trends.google.com/trends/explore?date=2022-01-01%202026-01-01&geo=US&q=%2Fg%2F11kc9956b3&hl=en



Google Search trends for LLM vs. LM

https://trends.google.com/trends/explore?date=2022-01-01%202026-01-01&geo=US&q=%2Fg%2F11kc9956b3,%2Fm%2F065lv0&hl=en



LLMs in ACL Papers
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The first LLM paper at ACL
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“Large Language Models in Machine Translation”
The first LLM paper at ACL
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“Large Language Models in Machine Translation”
The first LLM paper at ACL
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How is “large” measured today?



“Large” is a moving target

“Training compute of frontier AI models grows by 4-5x per year.” EpochAI report. 2024.

https://epoch.ai/blog/training-compute-of-frontier-ai-models-grows-by-4-5x-per-year




“Large” is a moving target

“The Staggering Growth of AI Models, in 6 Charts.” Medium post. 2025

https://medium.com/@appspinnr/the-staggering-growth-of-ai-models-in-6-charts-f73387407564


Measurements of largeness

• Amount of compute used in training
• Amount of data used in training
• Number of parameters in model
• Amount of compute used in inference?
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How large is large enough to 
count?



For this class…

“Large” simply mean large enough to solve meaningful problems.

This is a moving goalpost because as problems get solved, we find new challenging 
problems to apply language models to.

These new problems are often tackled by making bigger models.

Citations



LLM Applications



Components of an LLM Application
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Language
Model



Components of an LLM Application
• Model architecture
• Training Data

• Pre-training, mid-training, post-training, etc.

• Training objective
• NLL, PPO, DPO, etc.
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Components of an LLM Application
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Natural Language Understanding
vs.

Natural Language Generation

(a pre LLM distinction)



circa 2000
Natural Language Understanding

• What does it mean for a computer system to understand natural language?
• Text-based applications:

• finding appropriate documents from a database
• information extraction
• translation
• summarization

• Dialog-based applications:
• question-answering
• automated customer service
• spoken language control of machines

Natural Language Understanding



circa 2000
Natural Language Understanding

• Rule-based methods
• Regular expressions, keyword search, etc.

• Machine learning classifier trained on handcrafted features
• Text length, number of stopwords, n-gram frequencies, TF-IDF, etc.
• Support vector machines, logistic regression, decision trees, etc.

• Linguistic Analysis
• Parsing, linking syntax to semantics, formal knowledge representations

Citations



Natural Language Understanding

• Rule-based methods
• Regular expressions, keyword search, etc.

• Machine learning classifier trained on handcrafted features
• Text length, number of stopwords, n-gram frequencies, TF-IDF, etc.
• Support vector machines, logistic regression, decision trees, etc.
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circa 2000
Natural Language Generation

Natural Language Generation is the subfield of artificial intelligence and computational 
linguistics that focuses on computer systems that can produce understandable texts in 
English or other human languages.

Reiter and Dale, 2000. Building Natural Language Generation Systems.



~2000 definition of NLG

Natural Language Generation is the subfield of artificial intelligence and computational 
linguistics that focuses on computer systems that can produce understandable texts in 
English or other human languages.

NLU: language → data
NLG: data → language

Reiter and Dale, 2000. Building Natural Language Generation Systems.



NLG Research Questions (circa 2000) 

1.How should computers interact with people?
• What is the best way for a machine to communicate information to a human? 
• What kind of linguistic behaviour does a person expect of a computer they are communicating with, and how 

can this behaviour be implemented? 

2.What constitutes 'readable' or 'appropriate' language in a given communicative situation?
• How can the appropriate pragmatic, semantic, syntactic, and psycholinguistic constraints be formalised?
• What role does context in its many aspects play in the choice of appropriate language?

3.How can typical computer representations of information - large amounts of low-level (often 
numeric) data - be converted into appropriate representations for humans?

• What types of domain and world models and associated reasoning are required to 'translate' information from 
computer representations to natural language?

Reiter and Dale, 2000. Building Natural Language Generation Systems.



NLG Research Questions (circa 2000) 

1.How should computers interact with people?
• What is the best way for a machine to communicate information to a human? 
• What kind of linguistic behaviour does a person expect of a computer they are 

communicating with, and how can this behaviour be implemented? 

In 2025:
• Everything should be a chatbot implemented using an LLM
• Very little user-specific personalization
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Things are changing
NLG Research Questions (circa 2000) 

Growth in personalization

Citations

Movement away from chat

❌
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NLG Research Questions (circa 2000) 
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NLG Research Questions (circa 2000) 

2.What constitutes 'readable' or 'appropriate' language in a given communicative situation?
• How can the appropriate pragmatic, semantic, syntactic, and psycholinguistic constraints be formalized?
• What role does context in its many aspects play in the choice of appropriate language?

In 2025:
• Chatbots should be “aligned,” but we don’t agree on what this means.
• Very little talk of formalizing the constraints put on LLM generations
• Incorporating context remains a challenge

Citations



NLG Research Questions (circa 2000) 

3.How can typical computer representations of information - large amounts of low-level (often 
numeric) data - be converted into appropriate representations for humans?

• What types of domain and world models and associated reasoning are required to 'translate' information from 
computer representations to natural language?

In 2025:
• Organizing and communicating information remains a challenge
• High-quality code generation models are helping

Reiter and Dale, 2000. Building Natural Language Generation Systems.



How would you do it?



You’re tasked with implementing a weather bot that sends a text message to users 
every morning with a summary of the weather they can expect for the day.

You have access to a REST API which returns a structured JSON of the weather 
forecast.

Should you use an LLM in your implementation?



You’ve been tasked by a small board game store to build an AI that 
goes through the purchasing catalog and suggests which games the 
store should stock.

You can look up information about a game on BoardGameGeek 
(review website for games).

You also have access to historical inventory data that lists games the 
store has ordered to its inventory and how long they took to sell.

Should you use an LLM in your implementation?



ways to use LMs besides just as 
token generators



ways to use LMs besides just as 
token generators
probabilistic judges
feature extractors



Token Likelihoods

Citations

<latexit sha1_base64="nHKp+tYSBcPB2Q38krXvb+x5PcA="></latexit>

• we can estimate word likelihoods using frequencies in a corpus

• given a sequence w1, . . . ,wn, we factorize the joint probability as,

Pr (w1, . . . ,wn) =
n∏

i=1
Pr (wi|ws,w1, . . . ,wi−1)

= Pr (wn|ws,w1, . . . ,wn−1)× Pr (wn−1|ws,w1, . . . ,wn−2)× . . .× Pr (w2|wsw1)× Pr (w1|ws)

where ws is a special token indicating the start of the sequence

• we can approximate this with n-grams. for n = 3,

Pr (w1, . . . ,wn) =
n∏

i=1
Pr (wi|wi−2,wi−1)

= Pr (wn|wn−2,wn−1)× Pr
(
wn−1|wn−3,wn−2

)
× . . .× Pr (w2|wsw1)× Pr (w1|ws)

• the frequencies of all possible n-grams can be pre-computed and stored in a lookup table



A

Token Likelihoods

very unlikely ↔ very likely

B

example task: detecting AI-generated text



example task: classification
Token Likelihoods

Context passed to model:
Answer the following question. Respond with just the letter of correct answer. 

What’s the name for fear of vegetables? 

A. Lachanophobia 

B. Gamophobia 

C. Lutraphobia 

D. Ephebiphobia 

Compute
arg max

a∈[A,B,C,D]
Pr(a |context)
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Perplexity
Perplexity measures the normalized probability an LM assigns to a sequence of text.

• Used to assess the LM’s confidence/surprisal at some piece of text.

Citations



Perplexity

example tasks:
• membership inference attack
• data filtering

Citations



much more on this in Jan 27 lecture
Text Embeddings

Subakti et al. 2022. “The performance of BERT as data representation of text clustering”  link

https://link.springer.com/article/10.1186/s40537-022-00564-9


more in future lectures
Internal Activations
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