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Tutorial Notebook
We will use Google Colab 
for this tutorial.

Link: 
https://colab.research.google.com/
drive/1XCGv9RR4Xaw3JOl0I_ZlrVi
rUW9EqMwF?usp=sharing

Make a copy, connect to 
the GPU runtime, and run 
the first few cells to set up.
This may take a few minutes.
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LLM Post-Training
LLM training has two main stages.
● Pre-training:

An LLM is trained on a massive dataset for language modeling.
● Post-training:

○ Supervised Fine-Tuning (SFT)
○ Direct Preference Optimization (DPO)
○ Reinforcement Learning, e.g., RLHF, RLAIF, PPO, GRPO
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LLM Post-Training
● A pre-trained LLM acquire knowledge and language representation.

● SFT aligns the model with specific data, instructions, or output formats.

● RL and DPO aligns the model with human preferences, e.g., writing style.
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SFT with LoRA
● SFT trains an LLM on a custom-labeled dataset to perform some 

downstream task.

● SFT involves model weight updates. ⇒ very computationally intensive

● LoRA to the rescue!
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Low-Rank Adaptation (LoRA) is a PEFT technique 
that attaches the adapter (BA) of rank r to the LLM.

W: d × k, B: d × r, and A: r × k, where r ≪ min(d, k).

Key idea: LoRA only updates A and B during training 
⇒ much less parameters compared to W.



Alignment with GRPO
● Traditional RL like RLHF and PPO requires a value model, which is 

computationally expensive to run.

● Group Relative Policy Optimization (GRPO) replaces the value model 
with rule-based rewards.
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Alignment with GRPO
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GRPO:

1. Sample multiple outputs 
from the model.

2. Calculate the reward for 
each output.

3. Optimize the model 
based on the group 
relative advantage.

4. Repeat.



Tutorial Guidelines
In this tutorial, we are going to fine-tune an LM for JSON generation.

● Part 1: SFT with LoRA
● Part 2: Alignment with GRPO

All details, TODO items, and hints can be found in the Colab notebook.

Part 1 Part 2
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Tutorial Guidelines
Part 1: SFT with LoRA

● We are going to fine-tune a small LM 
(HuggingFaceTB/SmolLM-135M-Instruct) with LoRA 
on a JSON generation task.

● We will use the 
NousResearch/hermes-function-calling-v1 
dataset, especially the 
json_mode_singleturn subset.
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input/prompt

output/completion

https://www.google.com/url?q=https%3A%2F%2Fhuggingface.co%2FHuggingFaceTB%2FSmolLM-135M-Instruct
https://huggingface.co/datasets/NousResearch/hermes-function-calling-v1


Tutorial Guidelines
Part 1: SFT with LoRA

● (Task 1) 1.1.2 Transform dataset (10pt)
○ The dataset is not in a useable format.
○ Transform the conversations column into 

the prompt and completion columns.
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Tutorial Guidelines
Part 1: SFT with LoRA

● (Task 2) 1.3 SFT configurations
○ Set the hyperparameters so that the 

model learn to generate JSON.
● 1.5 Evaluate SFT model (30pt)
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Tutorial Guidelines
Part 2: Alignment with GRPO

● (Task 3) 2.2 Define reward functions (15pt)
○ Implement at least 3 non-trivial reward functions.
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Tutorial Guidelines
Part 2: Alignment with GRPO

● (Task 4) 2.3 GRPO configurations
○ Set the hyperparameters to improve model performance.
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2.5 Evaluate GRPO model (45pt)



Submission
● Fill in four tasks.

○ 1.1.2 Transform dataset (10pt)
○ 1.3 SFT configurations ⇒ 1.5 Evaluate SFT model (30pt)
○ 2.2 Define reward functions (15pt)
○ 2.3 GRPO configurations ⇒ 2.5 Evaluate GRPO model (45pt)

● Save and upload your notebook (as .ipynb) to Canvas.
○ You can add print statements or debugging code outside of the TODO 

parts, but do not change code functionality unless explicitly allowed.
○ Run the notebook and keep all cell outputs!!!
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Submission
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References
● GRPO tutorial: 

https://towardsdatascience.com/training-large-language-models-from-trpo-to-grpo/

● Survey of LLM post-training: https://arxiv.org/abs/2503.06072

● LoRA: https://arxiv.org/pdf/2106.09685

● GRPO: https://arxiv.org/abs/2402.03300

● Dataset: https://huggingface.co/datasets/NousResearch/hermes-function-calling-v1

● Model: https://huggingface.co/HuggingFaceTB/SmolLM-135M-Instruct
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THANK YOU
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