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LLM RL Environments



LLM RL environments at scale



Agenda

👣 Reinforcement Learning and LLMs

✔✔  Verifiers: 
    Environments as software artifacts

❌⭕🕹 RL Training a Tic Tac Toe master

Materials 👇

https://github.com/anakin87/llm-rl-environments-lil-course


👣 Reinforcement Learning and LLMs



RL: the Agent and the Enviroment



Classic LLM training



🧑 Prompt/Instruction/Question/User message

Explain the basic principles of sound waves, including their 
properties and how they travel through different mediums.

🤖 Response/Completion/Answer/Assistant message

Sound waves are a type of mechanical wave that propagate through 
a medium by causing the particles in the medium to vibrate. These 
vibrations transfer energy from one particle to another, allowing 
the sound wave to travel through the medium. The basic principles 
of sound waves include their properties and how they travel 
through different mediums…

Example dataset: mlabonne/FineTome-100k

Supervised Fine-Tuning (SFT) - Data



What comes next?



o1 improves with more compute

But how?



DeepSeek-R1 contains a plausible answer

- Reasoning
- Reinforcement Learning with Verifiable Rewards (RLVR)
- Group Relative Policy Optimization (GRPO)



Reinforcement Learning with Verifiable Rewards (RLVR)



RL concepts > LLMs

From “CWM: An Open-Weights LLM for Research on Code Generation with World Models”

Agent > Language Model
Action > LM Response
Environment > Data, harnesses, scoring rules…

https://arxiv.org/abs/2510.02387


SFT vs RL



✔✔  Verifiers

Environments as software artifacts



Verifiers by 

Open-source toolkit to build RL environments for LLMs

- Eval + train
- Environments as Python packages
- Prebuilt environment types
- Parsing + reward handling
- Works with OpenAI-compatible APIs
- Async + parallel execution
- Training support: PRIME-RL, Tinker, SkyRL, …



Single Turn Environment



Single Turn Environment: evaluation
prime eval run reverse-text -m gpt-4.1-mini -n 3 -r 3



Multi Turn Environment



Tool Environment

🛠
🛠
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See also
Wiki Search env

https://github.com/PrimeIntellect-ai/verifiers/tree/main/environments/wiki_search


More Environments

- MCP Tool Env
- Stateful Tool Env
- Sandbox Env
- Recursive Language Models Env

- Integrations: Text Arena, Reasoning Gym, 
Open Env, ….



Environments Hub



❌⭕🕹 RL Training a Tic Tac Toe master



Why Tic Tac Toe?

Simple game with deterministic solution

Still, Language Models struggle

Multi-turn interactions



Tic Tac Toe env: initial implementation



Tic Tac Toe env: improvements

- Varying who starts the game
- Making the opponent stronger
- Making models think
- Handling invalid moves

- Reducing noise in group-based RL with seeds
- Reducing noise across batches with stratified 

sampling

Full code

https://github.com/anakin87/llm-rl-environments-lil-course/blob/main/environments/tictactoe/tictactoe.py


Evaluate existing models on Tic Tac Toe
prime env install anakin87/tictactoe -& prime eval run tictactoe …

Model vs random 
opponent

% Wins % Draws % Losses % Follows format % Games w 
invalid moves

openai/gpt-5-mini 90 9 1 100 0

LiquidAI/LFM2-2.6B 40 11 49 27.8 40

Model vs optimal 
opponent

% Wins % Draws % Losses % Follows format % Games w
invalid moves

openai/gpt-5-mini 0 76 24 100 0

LiquidAI/LFM2-2.6B 0 11 89 24.7 43



LiquidAI/LFM2-2.6B -> Tic Tac Toe master

📈 Training overview

1. Synthetic data generation for Supervised 
Fine-Tuning

2. Supervised Fine-Tuning
3. (One or more phases of) Group-based 

Reinforcement Learning



Synthetic data generation for SFT
prime eval run tictactoe -m openai/gpt-5-mini -n 200 -r 1 \ 
--save-to-hf-hub --hf-hub-dataset-name anakin87/tictactoe



Supervised Fine-Tuning warm-up

NVIDIA RTX Pro 6000 96GB



SFT warm up - Evaluation

Model vs random 
opponent

% Wins % Draws % Losses % Follows format % Games w 
invalid moves

LiquidAI/LFM2-2.6B 40 11 49 27.8 40

LFM2-2.6B-ttt-sft 74 13 13 99.8 11

Model vs optimal 
opponent

% Wins % Draws % Losses % Follows format % Games w
invalid moves

LiquidAI/LFM2-2.6B 0 11 89 24.7 43

LFM2-2.6B-ttt-sft 0 52 48 99 14



GRPO recap



RL training: configuration

2x NVIDIA RTX Pro 
6000 96GB



RL training plots



RL Training - Evaluation

Model vs random 
opponent

% Wins % Draws % Losses % Follows format % Games w 
invalid moves

LFM2-2.6B-ttt-sft 74 13 13 99.8 11

LFM2-2.6B-ttt-rl 86 12 2 100 1

Model vs optimal 
opponent

% Wins % Draws % Losses % Follows format % Games w
invalid moves

LFM2-2.6B-ttt-sft 0 52 48 99 14

LFM2-2.6B-ttt-rl 0 85 15 100 1



Possible improvements

X |   | O
---------
  | X |  
---------
O |   | O

X |   | O
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  | X |  
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X |   | O
---------
  | X | O
---------
O | X | O

Our model (X) still loses games sometimes

Rollouts inspection -> it falls into fork traps



RL training pt. 2: configuration

2x NVIDIA H200 
141GB



RL training pt. 2 plots



RL Training pt. 2 - Evaluation

Model vs random 
opponent

% Wins % Draws % Losses % Follows format % Games w 
invalid moves

LFM2-2.6B-ttt-rl 86 12 2 100 1

LFM2-2.6B-mr-tictactoe 90 10 0 100 0

Model vs optimal 
opponent

% Wins % Draws % Losses % Follows format % Games w
invalid moves

LFM2-2.6B-ttt-rl 0 85 15 100 1

LFM2-2.6B-mr-tictactoe 0 97 3 99.8 0



Models vs 
random 

opponent



Models vs 
optimal 

opponent



Conclusions

What we did
- Mapped RL concepts to LLMs
- Explored Verifiers to easily build RL Environments
- Turned a 2.6B model into a Tic Tac Toe master

Big models are powerful, but small models trained with RL in 
verifiable environments can beat them on specific tasks, at a 
fraction of the cost.



Lessons from failed runs

- Batch size is key
- Watch for hidden biases in environments
- Model choice matters

- Consider starting from an instruct model
- Very small models (<2B) might fail

- Always inspect outputs
- Try/validate the trained model beyond metrics
- Don’t micromanage training, go for a walk



What you can do next?

- Take a deep dive
start with the LLM RL Enviroments Lil Course

- See what others are building:
explore the Environments Hub

- Experiment yourself:
train a small Language Model on 2-3 tools and try to beat 
a large proprietary model in that specific task
(Wiki Search example)

https://github.com/anakin87/llm-rl-environments-lil-course
https://app.primeintellect.ai/dashboard/environments
https://github.com/PrimeIntellect-ai/prime-rl/tree/main/examples/wiki_search


🪄 Let LLMs wander: Engineering RL Environments
Stefano Fiorucci

Talk Materials + 
Course
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