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Schedule

● Time: Tuesday & Thursday 2:00 - 3:15 PM
● Two sections: CS_5624_91523_202609 (in person) / 

CS_5624_83717_202609 (online)
● Location: Fralin Hall 102 (in person) / Zoom (online)

https://maps.app.goo.gl/FfkHZ4NVSJywgJ2N7
https://virginiatech.zoom.us/j/5581734484


Staff

● Instructor: Tu Vu
○ Office hours: Friday 2:45 - 3:45 PM, D&DS 374 (in person) / 

Zoom (online)

● TA: Pin-Jie Lin
○ Office hours: Wednesday 11:00 AM - 12:00 PM, D&DS 339 (in 

person) / Zoom (online)

Office hours start next week

● Contact: Please email me at cs5624instructors@gmail.com. For 
anonymous questions or comments, please use this form.

https://www.google.com/maps/place/727+Prices+Fork+Rd,+Blacksburg,+VA+24060/@37.2315234,-80.4307853,17z/
https://virginiatech.zoom.us/j/5581734484
https://www.google.com/maps/place/727+Prices+Fork+Rd,+Blacksburg,+VA+24060/@37.2315234,-80.4307853,17z/
https://virginiatech.zoom.us/j/5175567105
mailto:cs5624instructors@gmail.com
https://forms.gle/NwFoZ5TM9Exs6WZq5


Course materials

● Slides and readings (usually published research papers) will 
be provided as PDFs on the course website 
https://tuvllms.github.io/nlp-fall-2026/.

You don't need to purchase any textbooks!

https://tuvllms.github.io/nlp-fall-2026/


Course materials (cont’d)

● Other useful texts
○ Speech and Language Processing by Jurafsky and 

Martin
○ Reinforcement Learning from Human Feedback by 

Lambert
○ Foundations of Large Language Models by Xiao and Zhu
○ Dive into Deep Learning by Zhang, Lipton, Li, and Smola
○ Deep Learning by Goodfellow, Bengio, and Courville

https://web.stanford.edu/~jurafsky/slp3/
https://rlhfbook.com/book.pdf
https://arxiv.org/abs/2501.09223
https://d2l.ai/
https://www.deeplearningbook.org/


Communication channels

● Course website: https://tuvllms.github.io/nlp-fall-2026/
● Piazza: announcements and discussions
● Gradescope: assignment submissions
● Canvas (in-person & online): final grades & others
● Discord: questions & discussion & chat

https://tuvllms.github.io/nlp-fall-2026/
https://tuvllms.github.io/nlp-fall-2026/piazza/
https://tuvllms.github.io/nlp-fall-2026/gradescope/
https://canvas.vt.edu/courses/234587
https://canvas.vt.edu/courses/234583
https://tuvllms.github.io/nlp-fall-2026/discord/


Prerequisites

● No prerequisites are required for this course; however, the 
following could be helpful:

○ Familiarity with basic machine learning concepts
○ Familiarity with basic statistical concepts 
○ Familiarity with Python or coding agents



Grading policy

● Grading breakdown:
○ 10% Quizzes // won't be graded for correctness but a 

genuine attempt
○ 50% Homework assignments
○ 40% Final project (groups of 3; all groups should be formed 

by 9/8)
■ 10% project proposal
■ 30% final report

● Each student is allowed two late days total across all homework 
submissions (not per homework)



AI assistance policy

● AI assistance is permitted for completing assignments.
● If you use AI tools, you must submit the prompts you used 

and describe how the AI contributed to your work. 
● It is your responsibility to verify the AI-generated content for 

accuracy before submission.



Course enrollment

● Please submit the force-add request

https://students.cs.vt.edu/Graduate/forceadd.html

https://students.cs.vt.edu/Graduate/forceadd.html


Main topics

● Transformers & pretraining
● Post-training

○ Reinforcement learning
● Efficient training and inference
● Reasoning and test-time scaling
● Interpretability and evaluation
● LLM agents & recursive self-improvements



AI & LLM news

https://www.youtube.com/watch?v=FGBLzMESBAo

https://www.youtube.com/watch?v=FGBLzMESBAo


How can we coexist with things that are smarter and 
more powerful than ourselves?

Geoffrey Hinton's perspective

Geoffrey Hinton

https://x.com/haider1/status/1962719631631696299


How can we coexist with things that are smarter and 
more powerful than ourselves?  (cont’d)

Juergen Schmidhuber’s TED talk in 2012

Juergen Schmidhuber

https://x.com/hardmaru/status/1729316460575785252


AI for 
scientific discovery

https://deepmind.google/science/

https://deepmind.google/science/


https://www.discoveryloop.com/

https://www.discoveryloop.com/


Most AI applications these days are powered by 
Large Language Models (LLMs) 



Intelligence → 
Language 
understanding



Language modeling

● Predicting the next/missing word

Example: “The cat is on the ___.” → Predicted: “mat”.



What is a language model?

● A machine learning model that assigns a probability to each 
possible next word, or a probability distribution over 
possible next words

students opened their LM

books laptops

1.0

0.0



You use language models everyday!

21source: Apple Support source: Google Blog

prefix

https://support.apple.com/en-us/HT207525
https://blog.google/products/search/how-google-autocomplete-works-search/


How to adapt a model to a downstream task?

22

Model Fine-tuning In-context learning/Prompting

Task A

Task B

that is good → 

ça c'est bon

task descriptionTranslate English to French:

I see you → je te vois

you are welcome → je vous en prie 

no worries → pas de soucis

demonstrations



Chain-of-thought (CoT) prompting CoT reasoning 
process



Scaling model size unlocks new capabilities

From “PaLM: Scaling Language Modeling with Pathways” by Chowdhery et al. (2022)



Open-weight models are getting bigger

Image created by ChatGPT



The development of modern LLMs

instruction 
following

creativity

factuality safety

code math

…

pretraining 

post-training
Supervised Fine-Tuning (SFT) / Reinforcement Learning (RL) 

one or more 
stagesw/ a language 

modeling objective



Why is pretraining not sufficient?









Off-policy training: Learning from expert demonstrations

You’ll be fine. Practice your slides 
a few times, get some sleep, and 
stop overthinking it. Just present 
what you know and move on.

That sounds really stressful, and 
it’s a normal reaction. If you can, 
do one quick practice run now, 
pick the one or two points you 
most want people to remember, 
and then give yourself 
permission to rest—being clear 
and calm tomorrow will matter 
more than cramming tonight.

Help, I have to give a presentation 
tomorrow and I’m panicking. model

model output

expert demonstrations



Reinforcement learning from human feedback (RLHF)



Kimi K3’s training pipeline



Test-time scaling

https://openai.com/index/learning-to-reason-with-llms/

https://openai.com/index/learning-to-reason-with-llms/


Chain-of-thought (CoT) prompting CoT reasoning 
process





Test-time scaling with s1-32B



An interesting “aha moment” of DeepSeek-R1-Zero



Deep Think / Parallel Agents / Mixture-of-Agents

https://docs.together.ai/docs/mixture-of-agents#advanced-moa-example

https://docs.together.ai/docs/mixture-of-agents#advanced-moa-example


Retrieval-Augmented Generation (RAG)

FreshPrompt uses few-shot in-context learning to teach a model to 
reason over retrieved evidences and figure out the right answer



Multi-agent collaboration

"The Different Agentic Patterns" by Damien Benveniste

https://newsletter.theaiedge.io/p/the-different-agentic-patterns


Multi-agent collaboration (cont’d)

"The Different Agentic Patterns" by Damien Benveniste

https://newsletter.theaiedge.io/p/the-different-agentic-patterns






https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills

https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills


https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills

https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills


https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills

https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills


https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills

https://www.anthropic.com/engineering/equipping-agents-for-the-real-world-with-agent-skills


Thank you!


