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What is NLP? 

Building computer systems that can process, understand, generate, and 
interact with natural (human) language.

● Process & understand, e.g. text analysis & comprehension
● Generate, e.g. document creation
● Interact, e.g. chat- and tool-enabled assistants



NLP is everywhere
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But don’t you just mean AI is everywhere?

language ~ intelligence

Turing test: is an AI indistinguishable from a human during 
an interactive dialogue test?
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But don’t you just mean AI is everywhere?

language ~ intelligence

Turing test: is an AI indistinguishable from a human during 
an interactive dialogue test?

From Turing 1950, “Computing Machinery and Intelligence”
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But don’t you just mean AI is everywhere?

language ~ intelligence

J.A.R.V.I.S., Iron Man 2008 Samantha, Her 2013



Language is everywhere



What makes language difficult?

Ambiguity
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What makes language difficult?

Implicit content

From Hoyle et al. 2025



What makes language difficult?

Implicit content

From Tonneau et al. 2026



What makes language difficult?

Context

From Machino et al. 2025



What makes language difficult?

Sparsity & long-tail phenomena

From “Quality at a Glance” Kreutzer et al. 2022From Belebele benchmark paper



A Brief History Lesson



Origin of NLP: Machine translation

Warren Weaver (UW-Madison BS 1916, PhD 1921)

“One naturally wonders if the problem of translation could conceivably be treated 
as a problem in cryptography. 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.” March 4, 1947



Origin of NLP: Machine translation

Warren Weaver (UW-Madison BS 1916, PhD 1921) 

1. Tackle polysemy using 
context around words

2. Translation may be a 
formal logic problem

3. Cryptographic methods 
might be helpful

4. Exploit linguistic universals



Birth of AI

John McCarthy & the Dartmouth Summer Research Project, 1956



Birth of AI → birth of AI hype 

New York Times 

July 8, 1958



Birth of AI → birth of benchmarking

Cyril Cleverdon, Cranfield tests (1957–1967) 

Evaluate the efficiency and performance of information retrieval (IR) and 
indexing systems.

“The significance of the Cranfield tests on index languages”

https://dl.acm.org/doi/10.1145/122860.122861


AI winter ❄
ALPAC report (1966)



Fast forward: the rise of statistical NLP

Hand-crafted, linguistics-guided rules → data-driven ML approaches

“Whenever I fire a linguist, our system performance improves.”

- Frederick Jelinek, Dec 1988



Fred’s slide deck

http://www.lrec-conf.org/lrec2004/doc/jelinek.pdf


What drove statistical NLP? 

Probabilistic modeling (e.g. Naïve Bayes classifiers, HMMs), corpus statistics, 
supervised learning, empirical evaluation.

➔ Fred Jelinek names the modern concept of a “language model”.

New sources of data: increase in machine-readable text; human-annotated 
training data (e.g., the Penn Treebank).

“Classic” NLP tasks: part-of-speech tagging, named entity recognition 
(person? organization?), and parsing (lucy ← nsubj ← teaches).



First use of “LLM”

CPAT-Tree-Based Language Models with an Application for Text Verification in Chinese. 
ROCLing 1998. Chun-Liang Chen, Bo-Ren Bai, Lee-Feng Chien, Lin-Shan Lee.



What happened next? 

2000s and 2010s

Digital corpora - “big data”

Richer linguistic representations, e.g. word embeddings

Neural networks & deep learning

Large-scale supervision, lots of compute (GPU, TPU)

Supervised → unsupervised and self-supervised

Specific tasks → higher level semantics



First deep learning breakthrough

George Dahl et al., 2012.

Context-Dependent Pre-trained 
Deep Neural Networks for Large 
Vocabulary Speech Recognition.

Work conducted in 2010. 

Computer vision (AlexNet) breakthrough happened in 
2012 and is more famous maybe...  



Compute + model flexibility + data =

From DistilBERT paper

Algorithms that scale are 
what matters 

Sutton’s The Bitter Lesson 
(not a direct quote)

https://arxiv.org/abs/1910.01108
http://www.incompleteideas.net/IncIdeas/BitterLesson.html


MT’s comeback



Getting bigger and bigger

HPCwire article, interviewing NVIDIA CEO Jensen Huang

https://www.hpcwire.com/2024/03/19/the-generative-ai-future-is-now-nvidias-huang-says/




Fortune

https://fortune.com/2026/08/26/anthropic-wants-investors-to-believe-its-market-is-worth-30-trillion-nearly-40-of-the-entire-us-stock-market/


Much of this began with open research

The ELMo paper

https://aclanthology.org/N18-1202/


But now we have closed models 

GPT-4 technical report

https://arxiv.org/abs/2303.08774


Well, closed NLP is not new

Closed MT

Closed search

Still, much of this sits on a foundation of academic research





About this Course



What we’ll learn

How things work

How to make good decisions and justify them

How to do research

SwiGLU paper

https://arxiv.org/abs/2002.05202


How is this course different from other options?

If you’re in this class, you may have taken or considered taking…

● CS 762 Advanced Deep Learning
● CS 639 Introduction to Foundation Models
● … some other text analysis or AI course …

Overlap in content is okay! 

We’ll try to care more about language as language and not just as another form of 
data. 

This course is intended to be accessible to the range of departments represented 
among our enrolled students. Still, a successful final project would benefit from 
some intellectual maturity or prior experience with language models.



Live survey

Raise your hand if …

1. You are not in computer science(s)
2. You are a PhD student

a. First year students?
3. You are a MS student

a. First year students? 
b. Second year students? 

4. You have prior research experience publishing peer-reviewed papers 
about NLP, LLMs, etc … 



Syllabus

… is not finalized yet 

Architecture

From text embeddings to transformers

How we get models to do what they do

Training, test-time scaling, benchmarking

Special topics

e.g. multilinguality, multimodality (aka language + x), interpretability



Advanced Natural Language Processing

Course website: https://lucy3.github.io/cs769-fall26/ 

Canvas: https://canvas.wisc.edu/ 

Gradescope: https://www.gradescope.com/courses/1360916  

https://lucy3.github.io/cs769-fall26/
https://canvas.wisc.edu/
https://www.gradescope.com/courses/1360916


Logistics

Class time and place: Mon & Wed 1:00PM - 2:15PM in COMP SCI 1257

Instructor OH: Wed 3:00 PM - 4:00 PM (location announced on Canvas)

TA OH: Thurs 1:00 PM - 2:00 PM (location announced on Canvas)

Emails: lucyli@cs.wisc.edu, sonic@cs.wisc.edu. 

Put “CS 769” at the start of the subject line, and email both the TA and the 
Instructor. Otherwise, your email will get buried and we may not respond.

mailto:lucyli@cs.wisc.edu
mailto:sonic@cs.wisc.edu


Guest Lectures, scheduled

Rockstar PhD students from around the country!

Rulin Shao

AI for science, 
retrieval, agents

Sara Kangaslahti

Data-centric AI, distillation, 
training, scaling

Mayee Chen

Data-centric AI, model 
training, inference

Nishant Balepur

Evaluation, human-AI 
collaboration



Guest Lectures, not yet scheduled



Assignments

Two In-Class “Homeworks” (25 pts each)

● Bring a pencil 
● No electronics (e.g. laptops) allowed
● Collaboration with peers encouraged

Scheduled for Oct 7 and Nov 30.

More details on course website. 



Research Project



Assignments

Research Project (70 pts) 

1. Brainstorming Presentation (Sept 23)
2. Peer Feedback I
3. Written Proposal
4. Midterm Presentation (Oct 26 / Oct 28)
5. Peer Feedback II
6. Final Report
7. Poster Session (Dec 9)
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Assignments

Research Project (70 pts) 

1. Brainstorming Presentation (Sept 23)
2. Peer Feedback I
3. Written Proposal
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6. Final Report
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Research Project

Project teams!! 

Teams of 2-4 students. 

Create a “group” under “Project Teams” on canvas.

Google sheet for people to “meet” async and share interests: 

https://bit.ly/4gTAMRx

Teams of 1 are only allowed after talking with me about why.

https://bit.ly/4gTAMRx


Research Project

Start thinking early about this! 



Research Project

Look at the area keywords here: https://aclrollingreview.org/areas

Some of them are a little outdated …  

https://aclrollingreview.org/areas


Research Project

Look at papers listed under 
“flagship venues” here: 
https://aclanthology.org/ 

Also look at NeurIPS, COLM, ICLR, 
ICML on their conference websites 
or OpenReview

https://aclanthology.org/


Research Project

The ACL Anthology does not group papers under topical tracks; the program 
“book” released by each conference do.

Can also look at best paper award announcements on conference websites. 



Research Project

It may be tricky to differentiate good from great if you’re just starting out …

Find researchers from respectable institutions who work on the topics you find 
interesting! Start with professors and PhD students who recur as co-authors 
on papers you love, and branch out to their collaborators. 

Industry is publishing less than it did years ago, but frontier companies may 
release preprints or blog posts that can supply keywords for searches and 
prompts.   



Research Project

Start thinking early about this! 



Starting point #1

Evaluation & benchmarks

What novel tasks, metrics, or 
in-domain knowledge might 
challenge current LMs? 

Look through Eleuther AI’s LM eval 
harness at contributed 
benchmarks.



Starting point #1

Evaluation & benchmarks

What novel tasks, metrics, or 
in-domain knowledge might 
challenge current LMs?

Hugging Face has “community 
leaderboards”

Massive Text Embedding Benchmark



Starting point #2

Test-time scaling, inference-time methods

While a model is generating content, what could it do to improve task 
performance? 

“We develop budget forcing to control 
test-time compute by forcefully 
terminating the model’s thinking process 
or lengthening it by appending ‘Wait’ 
multiple times to the model’s 
generation when it tries to end. This can 
lead the model to double check its 
answer, often fixing incorrect reasoning 
steps”



Starting point #3

AI safety

How can we detect and mitigate 
unsafe behaviors and risks in 
generative models?

Example: reward hacking 



Starting point #3

AI safety

How can we detect and mitigate 
unsafe behaviors and risks in 
generative models?

Example: adversarial prompting 



Starting point #4

Model efficiency and small LMs

How do we make the most out of 
resource constrained settings (e.g. 
low-resource data, laptop-sized 
compute)? How can we squeeze 
capability out of small LMs? 



Starting point #N

Read a lot of papers from the venues we mentioned earlier

Pick one paper that really captures you, and propose an extension of that

Look for: 

1. Nails. Start with a problem of interest. Try to find better ways to address it 
than what is currently known or used.

2. Hammers. Start with a technical method/approach of interest. Extend, 
improve, understand, or apply it.

Get friendly with Hugging Face’s tooling and datasets!



Common pitfalls to avoid

● Not having appropriate data or a realistic plan to be able to collect it in a short 

period of time

● Not having a realistic way to evaluate your work

● Not having a solid strategy for defending or motivating the decisions you make

● Not having appropriate baselines or proposed ablation studies for comparisons

● Not working incrementally (e.g. running a few key ideas on a small subset of 

data first)

● Having poor writing or presentation quality



Compute

Instructional GPU servers

https://csl.cs.wisc.edu/docs/csl/instructional-resources/ 

https://apps.cs.wisc.edu/accountapp/activate-pass 

Google Cloud Education Credits

● $50 per person, will put announcement on Canvas
● We only have enough coupons for the students in this class, so if you leak 

the link, it will be very sad

Most projects will likely involve prompting & fine-tuning rather than model 
pretraining, given the resources you have.

https://csl.cs.wisc.edu/docs/csl/instructional-resources/
https://apps.cs.wisc.edu/accountapp/activate-pass


AI use

AI use has been shown in recent work 
to lead to deskilling, over-reliance, 
and cognitive offloading behaviors.



AI use

AI can plagiarize and produce research that rewords existing work without 
attribution rather than produce actually novel contributions. 

From Gupta & Pruthi 2025

https://arxiv.org/abs/2502.16487


AI use

For your research project:

Using AI to generate paragraphs of written content in your proposal or final 
report is considered academic misconduct.

Other forms of AI assistance (e.g. programming, generating figures, making 
writing edits, and surfacing related work) are allowed. 



Others’ advice for your project

“If you see a research area where many people are working, go somewhere else.”

- Turing and Nobel prize winner Herb Simon

“I skate to where the puck is going, not where it has been.”

- professional ice hockey player and head coach Wayne Gretzky

Chris Olah’s exercises (link)

https://colah.github.io/notes/taste/


Others’ advice for your project



Class Icebreaker Activity

In the next 15 min, in groups of 2-4, a.k.a. the people sitting around you

1. Introduce yourselves to each other very quickly
2. Look through the websites of NLP researchers listed on the next page.
3. Find one publication that sounds interesting to your group.
4. Skim the paper to get the gist of the paper.
5. Be prepared to share: a summary of what the researcher works on, what 

the paper is about, one figure from the paper that I should show the 
class that you could walk us through, and why you picked this paper. 

6. Nominate one person in your group to be your spokesperson. 

I’ll randomly pick 2-3 groups to share in the remaining class time. 



Researcher Potpourri

Abhilasha Ravichander

Daniel Fried

Akari Asai

Jesse Thomason

Alane Suhr

Lianhui Qin

Ana Marasović

Lucy Lu Wang

Sean Welleck

Tim Dettmers

Maarten Sap

Nicholas Tomlin

Peter West

Robin Jia

Swabha Swayamdipta

Sachin Kumar

Tal August

Sarah Wiegreffe

Emma Strubell

Yizhong Wang


