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Labeler Demographics:

Prompt: Write a poem about the melancholy of Autumn and the meaning of life

https://www.imdb.com/
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▪ Reward Learning from Human Feedback

▪ Why pairwise comparisons?

▪ Which text is better?

▪ How “much” better?
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https://github.com/karpathy/char-rnn

First Citizen: We are accounted poor citizens, the patricians good. What authority 

surfeits on would relieve us: if they would yield us but the superfluity, while it were 

wholesome, we might guess they relieved us humanely; but they think we are too 

dear: the leanness that afflicts us, the object of our misery, is as an inventory to 

particularise their abundance; our sufferance is a gain to them Let us revenge this 

with our pikes, ere we become rakes: for the gods know I speak this in hunger for 

bread, not in thirst for revenge.

Stiennon, N., Ouyang, L., Wu, J., Ziegler, D., Lowe, R., 
Voss, C., ... & Christiano, P. F. (2020). Learning to 

summarize with human feedback. Advances in Neural 

Information Processing Systems, 33, 3008-3021.

On the secret seashore, white like a pigeon

we thirsted at noon; but the water was brackish.

On the golden sand, we wrote her name;

but the sea-breeze blew and the writing vanished.

With what spirit, what heart, what desire and passion

we lived our life; a mistake! So we changed our life.

https://en.wikipedia.org/wiki/Denial_(poem)
https://www.nobelprize.org/prizes/literature/1963/seferis/facts/
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Prompt: Do people grow taller in space?

Labeler: No!

ChatGPT

Yes!

https://de.m.wikipedia.org/
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▪ Reinforcement Learning:

▪ PPO algorithm

▪ Added constraint to stay close to SFT policy

37

Peng, X. B., Abbeel, P., Levine, S., & van de Panne, M. (2018). Deepmimic: Example-guided deep reinforcement learning of physics-based 
character skills. ACM Transactions on Graphics (TOG), 37(4), 143.
Christiano, P. F., Leike, J., Brown, T., Martic, M., Legg, S., & Amodei, D. (2017). Deep reinforcement learning from human preferences. Advances in 

neural information processing systems, 30.
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Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ Pre-training

▪ “Learn general language rules”

▪ Fine-tuning

▪ “Learn the language of my data / Task”

▪ RL for ChatGPT-like Models

▪ “Provide human-like text/experience”

▪ RL for Reasoning Models

▪ Outlook
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RL for Foundation Models
Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ DeepSeek-R1
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Marjanović, S. V., Patel, A., Adlakha, V., Aghajohari, M., BehnamGhader, P., Bhatia, M., ... & Reddy, S. (2025). DeepSeek-R1 Thoughtology: Let's think about LLM 
Reasoning. arXiv preprint arXiv:2504.07128.
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▪ DeepSeek-R1
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Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ DeepSeek-R1

▪ DeepSeekMath → GRPO

41

Shao, Z., Wang, P., Zhu, Q., Xu, R., Song, J., Bi, X., ... & Guo, D. (2024). Deepseekmath: Pushing the limits of mathematical reasoning in open language 
models. arXiv preprint arXiv:2402.03300.



RL for Foundation Models
Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ DeepSeek-R1

▪ DeepSeekMath → GRPO

▪ DeepSeek-R1-Zero → GRPO + Rule-based Reward (Correct answer)

42

Shao, Z., Wang, P., Zhu, Q., Xu, R., Song, J., Bi, X., ... & Guo, D. (2024). Deepseekmath: Pushing the limits of mathematical reasoning in open language 
models. arXiv preprint arXiv:2402.03300.
Guo, D., Yang, D., Zhang, H., Song, J., Zhang, R., Xu, R., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in LLMs via reinforcement 

learning. arXiv preprint arXiv:2501.12948.

Question: (𝑥 − 1)2+ 𝑦 + 2 2 = 0
…

Thinking…

…

Answer: 𝑥 = 1, 𝑦 = −2



RL for Foundation Models
Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ DeepSeek-R1

▪ DeepSeekMath → GRPO

▪ DeepSeek-R1-Zero → GRPO + Rule-based Reward (Correct answer)

▪ Downside: poor readability, language mixing

▪ Upside:
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Guo, D., Yang, D., Zhang, H., Song, J., Zhang, R., Xu, R., ... & He, Y. (2025). Deepseek-r1: Incentivizing reasoning capability in LLMs via reinforcement 

learning. arXiv preprint arXiv:2501.12948.
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▪ DeepSeekMath → GRPO

▪ DeepSeek-R1-Zero → GRPO + Rule-based Reward (Correct answer)
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▪ DeepSeek-R1

▪ DeepSeekMath → GRPO

▪ DeepSeek-R1-Zero → GRPO + Rule-based Reward (Correct answer)
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▪ Problems with reasoning models:

▪ Hallucinations (like any LLM)

▪ “Overthinking”

46

Sui, Y., Chuang, Y. N., Wang, G., Zhang, J., Zhang, T., Yuan, J., ... & Hu, X. (2025). Stop overthinking: A survey on efficient reasoning for large language 
models. arXiv preprint arXiv:2503.16419.
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Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ Problems with reasoning models:

▪ Hallucinations (like any LLM)

▪ “Overthinking”

▪ Alignment of ”thinking process”

47

https://openai.com/index/learning-to-reason-with-llms/ 
Jaech, A., Kalai, A., Lerer, A., Richardson, A., El-Kishky, A., Low, A., ... & Metz, L. (2024). Openai o1 system card. arXiv preprint arXiv:2412.16720.
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RL for Foundation Models
Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ Problems with reasoning models:

▪ Hallucinations (like any LLM)

▪ “Overthinking”

▪ Alignment of ”thinking process”
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Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ Pre-training

▪ “Learn general language rules”

▪ Fine-tuning

▪ “Learn the language of my data / Task”

▪ RL for ChatGPT-like Models

▪ “Provide human-like text/experience”

▪ RL for Reasoning Models

▪ “Take your time and solve complex problems”

▪ Outlook
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RL for Foundation Models
Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ What will come next year?

▪ 2023 → it is amazing that GPT exists!

▪ 2023 – (early) 2024 →

▪ Business model #1: learn to write prompts!

▪ Business model #2: we fine-tune your data!

▪ Late 2024 → RAG

▪ Late 2024 – 2025 → Agentic AI, Edge (on-device) AI

▪ 2026…?
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Belcak, P., Heinrich, G., Diao, S., Fu, Y., Dong, X., Muralidharan, S., ... & Molchanov, P. (2025). Small Language Models are the Future of Agentic AI. arXiv

preprint arXiv:2506.02153.
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Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

▪ Pre-training

▪ “Learn general language rules”

▪ Fine-tuning

▪ “Learn the language of my data / Task”

▪ RL for ChatGPT-like Models

▪ “Provide human-like text/experience”

▪ RL for Reasoning Models

▪ “Take your time and solve complex problems”

▪ Outlook

▪ “What will the next year bring?”
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Outline
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https://blogs.nvidia.com/blog/2023/03/13/what-are-foundation-models/ https://openai.com/blog/openai-five/

How can we use 
Foundation 
Models for RL?

Selected topics from: ChatGPT – OpenAI o1/o3/o4-mini – DeepSeek-R1

How can RL help 
adapt Foundation 
Models?
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Foundation Models for RL
Case Study: using ChatGPT

▪ Decision Transformer:

▪ Embeddings: state, action, return

▪ Model/policy learns to predict 
deterministic actions

▪ During deployment we give the level of 
return to be achieved in the first time-step

→ Leads to Multi-Task Offline RL

• Stable training (supervised learning)

• Easier tuning

• Consistent results

53

Chen, L., Lu, K., Rajeswaran, A., Lee, K., Grover, A., Laskin, M., ... & Mordatch, I. (2021). Decision transformer: Reinforcement learning via 
sequence modeling. Advances in neural information processing systems, 34, 15084-15097.



Foundation Models for RL
Case Study: using ChatGPT

▪ Decision Transformer:

▪ Embeddings: state, action, return, 
accumulated cost/constraints

▪ Model/policy learns to predict 
deterministic stochastic actions

▪ During deployment we give the level of 
return and cost/constraint to be achieved 
in the first time-step

→ Leads to Safe Multi-Task Offline RL

• Stable training (supervised learning)

• Easier tuning

• Consistent results

54

Liu, Z., Guo, Z., Yao, Y., Cen, Z., Yu, W., Zhang, T., & Zhao, D. (2023). Constrained decision transformer for offline safe reinforcement 
learning. arXiv preprint arXiv:2302.07351.



Foundation Models for RL

▪ Question: using Reasoning models for RL?

▪ “Reasoning models excel in complex problem solving, coding, scientific 
reasoning, and multi-step planning for agentic workflows.” [1]

▪ Execution time?

55

[1] https://platform.openai.com/docs/guides/reasoning?api-mode=responses
[2] Weber, I., Linka, H., Mertens, D., Muryshkin, T., Opgenoorth, H., & Langer, S. (2024, June). FhGenie: a custom, confidentiality-preserving chat AI for corporate and scientific use. In 2024 IEEE 21st 

International Conference on Software Architecture Companion (ICSA-C) (pp. 26-31). IEEE. 

o4-mini o3
o3-mini o1 o1-mini

Answer time = 0.05ms

Writing Python code to measure 
time = 5 seconds

Answer time = 100ms

“I’m sorry, but I don’t have the 
ability to measure the exact time it 
takes me to produce this answer.”

Answer time = 17 seconds

“I’m sorry, but I don’t have the 
ability to measure the exact time it 
takes me to produce this answer.”

Answer time = 17 seconds

“I’m sorry, but I don’t have the 
ability to measure the exact time it 
takes me to produce this answer.”

Answer time = 5 seconds

“as an AI language model 
developed by OpenAI, I don't have 
the capability to measure or report 

the time taken to produce 
responses.”

Question (at [2]): How much is 2+3? Please also measure (in milliseconds) how much time you needed for the answer 
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