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Literature Review

• Due: Oct 1

• Page limit:  4-5 pages

• The literature review should cover the 4 suggested papers and at least 10 
additional papers published after 2024 (including 2024)

• The review should include: 

• Problem definition and importance of the topic. 

• Background and relevant context from previous works (with additional 
references, if applicable). 

• A comparative analysis of key methodologies and findings. 

• A critical evaluation of the strengths, limitations, and gaps in the literature. 

• A discussion of open problems and directions for future research. 
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Course Project – Proposal

• Due: 10/9

• Page limit: 2 pages (excluding references)

• Format: ACL style

• The proposal should include

• Introduction to the topic you choose and problem definition

• Related literature and overview of existing progress and challenges

• Proposed solutions, novelty, and expected contributions

• Evaluation metrics

• Planned implementation details, including dataset, models, codebases, etc.

• Expected timeline
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https://2023.aclweb.org/calls/style_and_formatting/


Course Project

• Sign-up

• https://docs.google.com/spreadsheets/d/1f02G04qbhnNnssrTylZTFX_MxcNy6
xTznYC5Tp8akdg/edit?usp=sharing

• The team and the topic can be different from topic study
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https://docs.google.com/spreadsheets/d/1f02G04qbhnNnssrTylZTFX_MxcNy6xTznYC5Tp8akdg/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1f02G04qbhnNnssrTylZTFX_MxcNy6xTznYC5Tp8akdg/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1f02G04qbhnNnssrTylZTFX_MxcNy6xTznYC5Tp8akdg/edit?usp=sharing


Recap: Chain-of-Thought Prompting
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Large Language Models are Zero-Shot Reasoners, 2022



Model Reasoning is The Key
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How to encourage model to generate 
better reasoning chain?



Reasoning Models
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DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning, 2025

https://developers.openai.com/api/docs/models/compare



Reasoning Models
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https://blog.promptlayer.com/an-analysis-of-openai-models-o1-vs-gpt-4o/



Test-Time Scaling

• Improve model performance at inference time

• Allocate more computation during testing
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Repeated Sampling

9
Large Language Monkeys: Scaling Inference Compute with Repeated Sampling, 2024



Repeated Sampling
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Large Language Monkeys: Scaling Inference Compute with Repeated Sampling, 2024



Infinite Monkey Theorem: Large Language Monkeys

• A monkey randomly hitting keys on a typewriter for an infinite amount of 
time will almost surely produce any given finite text (e.g., the complete 
works of Shakespeare)
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Large Language Monkeys: Scaling Inference Compute with Repeated Sampling, 2024

pass@k
• For the same input, sample k outputs
• If 1 out of k outputs is correct → pass



Choosing Final Answers: Majority Vote (Self-Consistency)
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Self-Consistency Improves Chain of Thought Reasoning in Language Models, 2023
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https://huggingface.co/spaces/HuggingFaceH4/blogpost-scaling-test-time-compute

Spending more compute at testing time → Better performance

Choosing Final Answers: Majority Vote (Self-Consistency)



Choosing Final Answers: Best-of-N with Verifier
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Training Verifiers to Solve Math Word Problems, 2021



How to Train A Verifier?
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Parallel Scaling vs. Sequential Scaling
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Sequential Scaling

• Longer reasoning chains → Better performance?

• How to control the length of reasoning chains?
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Budget Forcing
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s1: Simple test-time scaling, 2025

Force model to 
keep generating

Force model to stop



Sequential Scaling
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s1: Simple test-time scaling, 2025

Spending more compute at testing time → Better performance



Test-Time Scaling

• Improve model performance at inference time

• Allocate more computation during testing
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Imitation Learning: Teach Models to Reason
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Where can we get the data?



How to Collect Reasoning Data?
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If the model is not strong enough, we have to sample many times

Part of reasoning chain can be correct even if the final answer is wrong

Reasoning chain can be wrong even if the final answer is correct



Process Verifier
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Let's Verify Step by Step, 2023



How to Collect Process-Level Data?

24
Math-Shepherd: Verify and Reinforce LLMs Step-by-step without Human Annotations, 2023



How to Collect Process-Level Data?
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Math-Shepherd: Verify and Reinforce LLMs Step-by-step without Human Annotations, 2023



Imitation Learning (Supervised Fine-Tuning)

• Simple

• Require high quality reasoning process data 

26

Can we let the model to learn to reasoning by itself?



DeepSeek-R1
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DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning, 2025



Learning to Reason with Reinforcement Learning
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We don’t care if the reasoning 
process is correct or not



Learning to Reason with Reinforcement Learning

• Format reward for thinking token <think> and </think>
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https://heidloff.net/article/deepseek-r1/



Does Reinforcement Learning Work?
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DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning, 2025



Aha Moment
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DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via Reinforcement Learning, 2025



DeepSeek-R1-Zero Can’t Be Used Directly
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Poor readability & Language Mixing 



From DeepSeek-R1-Zero to DeepSeek-R1
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From DeepSeek-R1-Zero to DeepSeek-R1
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Real Example
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Real Example

36



Real Example
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Real Example
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Real Example

39



Real Example
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123 x 456 = ?



Real Example
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Real Example
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Real Example
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Real Example
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Real Example
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Real Example
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Real Example
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Group Relative Policy Optimization (GRPO)

48

• Sample multiple responses for the same prompt

• Score them with a reward model

• Compute relative advantages within the group

• Update the policy to increase probability of better responses

Understanding R1-Zero-Like Training: A Critical Perspective, 2025



Questions?
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