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Some slides are adapted from existing materials: Jurafsky & Martin (3rd ed.), Diyi Yang at Stanford, and Swabha Swayamdipta at USC.



Lecture Outline

● Course Overview
● Introduction to NLP
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Course Overview: Introductions
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1. What’s your name?

2. What program are you in?

3. Why are you taking this class?

4. Something about you?



Course Overview: Basics
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stephanieschoch.com/nlp  

Textbooks:
● Jurafsky and Martin. “Speech and Language 

Processing.” 3rd Ed.
● Eisenstein. “Natural Language Processing.”

https://stephanieschoch.com/nlp


Course Overview: Landscape
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Module 1
Statistical Foundations

Module 2
Neural Methods

Module 3
Large Language Models

Module 4
Advanced Topics

Wrap Up

Weeks 1-4 Weeks 5-7 Weeks 8-10 Weeks 11-13 Weeks 14-15

● Introduction, basics 
of text processing

● N-gram language 
models

● Text classification
● Word embeddings

● FFNs, 
backpropagation, 
RNNs

● Seq2seq, attention, 
language generation

● Transformers

● Transformer LMs
● Pretraining, scaling 

laws, post-training
● Fine-tuning, 

prompting
● LLM agents

● Evaluating LLMs, 
responsible 
language modeling

● Interpretability
● Data-centric NLP

● Outro
● Project 

presentations

Project Pitch 
Sept. 14

Project Proposal 
Oct. 2

Final Report
Nov. 24

Progress Report
Nov. 2



Course Overview: Policies
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Grading:
● Project 50%
● Homework (3 × 10%) = 30%
● Quizzes (3 × 5%) = 15%
● Paper Discussions 5%

Late Policy:
● 1 penalty-free late day (homework assignments ONLY)
● Homework & project assignments: up to 3 days late each, 10% penalty each day



Course Overview: Generative AI
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Use of Generative AI:
● Homeworks: 

○ Required to try the assignment without AI assistance first. Then, allowed to use AI to 
help you work through blockers, if you choose. Each assignment will have a written 
component asking about this process.

● Project: 
○ You are responsible for all design decisions, integrity of references/code/etc.
○ A major component of the final presentation is your ability to answer questions. 

“Claude recommended this” is not an acceptable answer, regardless of the question. 
Basically, you can use AI as a research or coding assistant, but it is a tool (not a 
coauthor/coworker). You are responsible for all components, and you need to think 
critically about your project. 

● Quizzes:
○ In class, handwritten (no AI use allowed)

● Paper Discussion:
○ Permitted to assist preparation/understanding. You still need to read the paper yourself 

though.



Course Overview: Project
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Overview:
● Semester-long small group research project on an NLP problem.
● Questions to begin thinking about:

○ What the problem is that will be solved?
○ Why the problem matters?
○ Why this project is feasible for this class/timeline?

Components:
● Project Pitch (5%)
● Team Formation
● Project Proposal (10%)
● Project Progress Report (10%)
● Project Final Presentation (10%)
● Project Final Report (15%)



Course Overview: Deadlines
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Course Overview: Outcomes
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Learning Objectives:
● Explain foundational linguistic, statistical, and neural concepts underlying modern NLP.
● Implement NLP models and pipelines for various tasks (e.g. text classification, question 

answering, natural language inference) using modern software frameworks.
● Evaluate NLP systems through experimental design, quantitative metrics, and 

qualitative error analysis.
● Read and critique current NLP research literature and communicate technical ideas 

effectively.
● Design and execute an NLP research project involving problem formulation, 

experimentation, and analysis.
● Assess the limitations, risks, and societal implications of NLP technologies (e.g. LLMs), 

including consideration for the underlying data



Before Moving On: Questions About The Course?
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What is NLP?
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Natural 
Language 

Processing

Artificial Intelligence 

LinguisticsComputer Science

“NLP is the set of methods for 
making human language 
accessible to computers”

(Eisenstein, 2018) 



NLP Today: Large Language Models (LLMs)
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Modern NLP is dominated by large language models.

…



LLMs: The Good
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Improved Productivity  

Consultants using GPT-4 outperform non-users.

● Consultants (from Boston Consulting 
Group) using GPT-4 finished 12.2% 
more tasks on average, completed 
tasks 25.1% more quickly, and 
produced 40% higher quality results 
than those not using AI.

● Use of LLM especially improved 
performance of lower-performing 
humans.

● Results vary depending on task

Dell’Acqua et al. 2023; Mollick 2023



LLMs: The Good
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Reduced Language Barriers (i.e. Machine Translation)

● Can detect language automatically
● Can reorder text spans as more text is input.



LLMs: The Good → The Concerns
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LLMs: The Good → The Concerns

17Memorization vs. Generalization



LLMs: The Concerns

18Hallucination, Misinformation Privacy, Copyright Issues



LLMs: The Concerns

19Safety and Alignment; Ethical Issues



What is a Language Model?
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Language Model: 
A computational system that can predict the next word from previous words. 



What is a Large Language Model?
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Large Language Model: 
A neural network with:

Input: a context or prefix, 
Output: a distribution over possible next words 

Predict: assign 
distribution over 
words
Generate: sample 
from distribution 



Large Language Model: Generation
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Predict: assign 
distribution over 
words
Generate: sample 
from distribution 



Language Models: Size
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n-gram models
(frequency-based)

LLMs
(neural)

LANGUAGE MODEL SIZE

Large Language Models:
● Many layers
● Many parameters
● Large amounts of training data



A Brief History of NLP
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A Brief History of NLP: Statistical and Neural Foundations (1950s, early 1960s)
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Era Time (Approx.) Dominant Idea
Computational 

Strategies

Statistical and Neural 
Foundations 

1950s, early 1960s Language contains 
statistical regularities 
that can be learned; 
words (i.e. meaning) 
can have distributed / 
vector 
representations.

probabilities, early 
neural networks, 
vector 
representations



A Brief History of NLP: How Did We Get Here?
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McCulloch-Pitts Neuron in 
“A Logical Calculus of the Ideas Immanent in Nervous Activity” (1943)



A Brief History of NLP: How Did We Get Here?
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“When I look at an article in Russian, I say: ‘This 
is really written in English, but it has been coded 
in some strange symbols. I will now proceed to 
decode.’” – Warren Weaver, March 1947

Early notions of machine translation



A Brief History of NLP: How Did We Get Here?
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Conference was “to proceed on the basis of the 
conjecture that every aspect of learning or any 
other feature of intelligence can in principle be 
so precisely described that a machine can be 
made to simulate it.” – John McCarthy 1955

The Dartmouth Summer Research Project 1956



A Brief History of NLP: Statistical and Neural Foundations (1950s, early 1960s)
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Frank Rosenblatt: The Mark I Perceptron (1957)

“An IBM 704 – a 5-ton computer the size of a 
room – was fed a series of punch cards. After 50 
trials, the computer taught itself to distinguish 
cards marked on the left from cards marked on 
the right.” – Melanie Lefkowitz (Cornell Chronicle)

Professor’s perceptron paved the way for AI – 60 years too soon 

https://news.cornell.edu/stories/2019/09/professors-perceptron-paved-way-ai-60-years-too-soon


A Brief History of NLP: Statistical and Neural Foundations (1950s, early 1960s)
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Word Embeddings (1950s): 
● Psychologist Charles Osgood
● Harris and Joos in linguistics 

(distributional hypothesis)
● Represent meaning of a token as a 

point in high-dimensional space
● Can be used to do computations 

on meaning (e.g. word similarity)



A Brief History of NLP: The Symbolic Turn (1960s - 1988)
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Era Time (Approx.) Dominant Idea
Computational 

Strategies

The Symbolic Turn 1960s -1988 Language is 
fundamentally 
structured and 
rule-governed; 
understanding 
requires explicit 
syntax, semantics, 
and knowledge.

grammars, rules, 
logic, parsers, 
symbolic 
representations



A Brief History of NLP: The Symbolic Turn (1960s - 1988)
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Recursive structure (e.g. 
embedded phrases): 
● The dog barked.
● The dog that chased the cat that 

frightened the mouse barked.

Noam Chomsky: Syntactic Structures (1957)



A Brief History of NLP: The Revival of Empiricism (1988 - 2019)
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Era Time (Approx.) Dominant Idea
Computational 

Strategies

The Revival of 
Empiricism

1988 - 2019 Rather than 
hand-writing all 
knowledge, learn 
patterns from actual 
language data and 
evaluate systems 
empirically.

probabilistic models 
→ statistical ML → 
neural networks



A Brief History of NLP: The Revival of Empiricism (1988 - 2019)
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Frederick Jelinek & IBM 
Speech team: n-gram 

language models (1975)

Yoshua Bengio et al., 2003:
“A Neural Probabilistic 

Language Model”

Brown et al., 1990:
“A Statistical Approach to 

Machine Translation”



A Brief History of NLP: The Revival of Empiricism (1988 - 2019)
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Attention mechanism (2015)

Transformer (2017)

BERT (2019)



A Brief History of NLP: LLMs (2019 - )
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Era Time (Approx.) Dominant Idea
Computational 

Strategies

LLMs 2019 - present A sufficiently large 
pretrained predictive 
model can acquire 
broad 
linguistic/world 
knowledge and 
perform many tasks 
through language 
itself.

transformers, 
pretraining, 
prompting, 
post-training, RAG, 
agents, reasoning RL



Let’s Consider Language…
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What does it mean to “know” or “understand” a language?



Linguistic Structure
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File:Major levels of linguistic structure.jpg: James J. Thomas and Kristin A. Cook (Ed.) derivative work McSush, Public 
domain, via Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Major_levels_of_linguistic_structure.svg


Linguistic Structure: Morphology
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A shipping-ship, shipping shipping-ships.
a [[ship-ing]-ship] [ship-ing] [[ship-ing]-ship-s]



Linguistic Structure - Syntax
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Who has the telescope?

I saw the man with a telescope.



Linguistic Structure - Syntax: PP Attachment Ambiguity
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I saw the man with a telescope.

Interpretation 1: prepositional phrase modifies the noun phrase.

Bracketed Structure:

saw [the man [with the telescope]]

Meaning:

I saw the man who 

had the telescope.



Linguistic Structure - Syntax: PP Attachment Ambiguity
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I saw the man with a telescope.

Interpretation 2: prepositional phrase modifies the verb phrase.

Bracketed Structure:

[saw the man] [with the telescope]

Meaning:

I used the telescope 

to see the man.



Linguistic Structure - Semantics & Pragmatics
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Are you going out tonight?

Is the second speaker going out tonight?
Did they answer the question? 

I have an exam tomorrow.



Linguistic Structure: Then vs. Now
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File:Major levels of linguistic structure.jpg: James J. Thomas and Kristin A. Cook (Ed.) derivative work McSush, Public 
domain, via Wikimedia Commons

● Early NLP: linguistic structure was 
central to process of building meaning 
representations

● Modern NLP: other ways of building 
meaning representations
○ Word embeddings
○ New Roles: 1) Interpretability, 2) 

Applications to social and cognitive 
science

https://commons.wikimedia.org/wiki/File:Major_levels_of_linguistic_structure.svg


Linguistic Structure: Interpretability
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Goal of interpretability: understand in terms of how a neural net processes language

Example: Embeddings in networks implicitly represent:
● syntactic parse trees 
● semantic information 
● coreference information



Linguistic Analysis of Interactions: LLM-Human Conversation
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LLMs show linguistic 
overconfidence (Zhou et al., 2024)
● LLMs overuse strengtheners 

like "definitely" and avoid 
weakeners like "maybe

LLMs generate sycophantic 
language (Cheng et al., 2026)
● LLMs use language that is 

linguistically affirming and 
bolsters the user's positive 
self-image



TODOs: 
● Start brainstorming for your project.

Next Lecture: Basics of Text Processing 
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Exit Survey: https://forms.gle/Xa1yksySRyN4vRXJ7 

https://forms.gle/Xa1yksySRyN4vRXJ7

