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Large reasoning models & Test-time 
Scaling

https://tuvllms.github.io/ai-fall-2025/


Logistics

● Homework 1 due today
● Final Project

○ Curating data (optional)
○ Benchmarking models
○ 0-shot/few-shot/chain-of-thought/self-consistency 

prompting
○ Test-time scaling

● Final presentations: 12/4 & 12/9 



OpenAI DevDay 2025

● Apps in ChatGPT

https://openai.com/devday/
https://openai.com/index/introducing-apps-in-chatgpt/


Video generation with Sora 2

● https://x.com/OpenAI/status/1973143639200243959

https://x.com/OpenAI/status/1973143639200243959


RLHF vs. DPO

RLHF

DPO



Large reasoning models (LRMs) / Thinking models





System 1 & System 2

ChatGPT 
image

Which is better?



OpenAI’s o1



Can we infer its structure and what kinds of behaviors 
it rewards?
● The reward model likely provides scalar feedback that 

evaluates both final answer (correctness, usefulness, 
safety, clarity) and reasoning process (depth, coherence, 
reliability, safety awareness)

● Human annotators or automated evaluators review model 
outputs on reasoning tasks



What the reward model likely gives high scores for



What the reward model likely gives high scores for 
(cont’d)



OpenAI’s o1(cont’d)



o1 performance smoothly improves with both 
train-time and test-time compute

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

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


From System 1 to System 2

System 1

instruction 
following

creativity

factuality safety

code math

…

one or more 
stages

System 2Supervised Fine-tuning and/or 
Reinforcement Learning on long 

Chain-of-Thought data





DeepSeek-R1’s motivation

● develop reasoning capabilities without any supervised data 
(labeled input-output pairs)

● focus on their self-evolution through a pure reinforcement 
learning process



Reinforcement Learning Algorithm

● Group Relative Policy Optimization (GRPO)
○ A variant of RLHF
○ Sample outputs from the current (old) policy and then 

optimize the policy model by maximizing the scalar 
reward given by a reward model



Reinforcement Learning from Verifiable Rewards 
(RLVR) 



Guided Chain-of-Thought (CoT) template



Group Relative Policy Optimization (GRPO)



PPO

advantage

Think of the reward model as a teacher who 
grades each essay you write

The critic is like your own internal expectation 
(“I usually get an 80 on essays like this”)



Group Relative Policy Optimization (GRPO) (cont’d)



Group advantage estimation



Maximizing expected reward



Maintaining policy stability



Controlling divergence from the reference model



Accuracy of DeepSeek-R1-Zero during training



DeepSeek-R1-Zero naturally learns to solve 
reasoning tasks with more thinking time



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



Problems with DeepSeek-R1-Zero

● It encounters challenges such as poor readability, and 
language mixing



Problems with DeepSeek-R1-Zero

● It encounters challenges such as poor readability, and 
language mixing



DeepSeek-R1

● Includes a small amount of cold-start data (thousands of 
long Chain-of-Thought (CoT) examples)





Using reasoning models

For GPT-oss: the 
reasoning level can be set 

in the system prompts, 
e.g., “Reasoning: high”. 



Code



Thank you!


