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Tutorial Notebook
We will use Google Colab 
for this tutorial.

Link: 
https://colab.research.google.com/
drive/167njzSQTnEguJtDCtZ9xSw
pS7hdYd1_H?usp=sharing

Make a copy and connect 
to the GPU runtime.
The tutorial notebook may take 
over an hour to run, so try with a 
smaller dataset size for debugging.
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Model Quantization
● Quantization maps high-precision values to low-precision ones to 

reduce memory footprint and improve computational efficiency.

● In the context of LLM, quantization is applied on the model weights 
and/or activations, reducing the model size.
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Model Quantization
● Popular LLM quantization techniques:

○ AWQ
○ GPTQ
○ bitsandbytes

● This tutorial focuses on bitsandbytes’s 4-bit quantization and QLoRA.
● bitsandbytes does not require calibration data and is well-integrated 

with HF.
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advanced; require calibration data

simple integration; data-free

https://huggingface.co/docs/transformers/en/quantization/bitsandbytes


● Knowledge distillation (KD) is another compression technique that 
trains a small “student” model to mimic a large “teacher” model.

● KD improves the performance of the student model, eliminating the 
need to use the large model.

Knowledge Distillation
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● In the context of LLM, SOTA models (GPT, 
Claude, Gemini) often live behind an API.
○ No access to the feature maps and, 

sometimes, logits.
○ Black-box teachers

● Black-box KD involves training a small 
model on outputs sampled from a 
black-box teacher.
○ i.e., SFT on the teacher’s outputs.

Knowledge Distillation
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● Model cascading is an ML optimization technique that employs a 
sequence of small, low-cost models to large, expensive models.
○ Achieves balance between output quality and inference cost.
○ Route to a more sophisticated model based on a confidence score.

LLM Cascading
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From https://medium.com/@saugata.paul1010/ensemble-learning-bagging-boosting-stacking-and-cascading-classifiers-in-machine-learning-9c66cb271674

Confidence score

https://medium.com/@saugata.paul1010/ensemble-learning-bagging-boosting-stacking-and-cascading-classifiers-in-machine-learning-9c66cb271674


● LLM cascading
Use a weaker model (e.g., GPT-3.5-turbo) to answer simple queries while 
routing difficult queries to a stronger model (e.g., GPT-4).

○ FrugalGPT: trains a small regression model to calculate the confidence score.

○ MoT Cascade: employs answer consistency as the routing signal for reasoning 
(mathematical, causal) tasks.

■ Based on self-consistency and other prompting methods.

LLM Cascading
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In this tutorial, we will develop an efficient LLM for answering 
mathematical problems.

● Part 1: LLM Quantization
○ Load and use a quantized LLM

● Part 2: Knowledge Distillation
○ Distill a teacher model into a small quantized model

● Part 3: LLM Cascading
○ Build an LLM cascade of a small and a large model

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

Tutorial Guide
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We will use gemma-3-27b-it through Google’s Gemini API as the teacher 
model during KD and the stronger model in the LLM cascade.

Tutorial Guide
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To use Gemini API,

● Create an API key (for free) on 
Google AI Studio

● Configure Colab Secrets by adding 
an environment variable:
○ Name: GEMINI_API_KEY
○ Value: <YOUR_API_KEY>

Also enable notebook access.

https://www.google.com/url?q=https%3A%2F%2Fai.google.dev%2Fgemma%2Fdocs%2Fcore
https://aistudio.google.com/api-keys


We will use gemma-3-27b-it through Google’s Gemini API as the teacher 
model during KD and the stronger model in the LLM cascade.
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Tutorial Guide
Part 1: LLM Quantization

● We will load and evaluate a 4-bit quantized version of an LLM 
(Qwen/Qwen2.5-1.5B-Instruct) on a math QA task.

● We will use the openai/gsm8k dataset, which contains math word problems 
that require multi-step reasoning.
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Tutorial Guide
Part 1: LLM Quantization

● (Task 1)
1.1.2 Transform the dataset (10pt)
○ The dataset is not in a useable format.
○ Transform the question and answer 

column into the prompt and 
ground-truth columns.
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Tutorial Guide
Part 2: Knowledge Distillation

We will distill a large model (gemma-3-27b-it) 
into the quantized 1.5B model.
● (Task 2)

2.1 Build distilled dataset (20pt)
○ Build the distilled dataset by 

querying the teacher model with 
each question in the dataset.

○ (Optional) Filter the training data 
based on the teacher’s output 
quality.
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Tutorial Guide
Part 2: Knowledge Distillation

● (Task 3) 2.2 SFT configurations
○ Set the hyperparameters to fine-tune 

the student model.

● 2.4 Evaluate the student model (20pt)
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Tutorial Guide
Part 3: LLM Cascading

● (Task 4)
3.1 Confidence scoring (20pt)
○ Implement the confidence scoring 

function.
○ The confidence score is calculated 

by sampling multiple outputs from 
the student model and calculate the 
ratio of the most consistent answer.

17



Tutorial Guide
Part 3: LLM Cascading

● (Task 5)
3.2 Cascade policy (30pt)
○ Adjust the LLM cascading policy to 

balance the output quality and the 
inference cost.

○ Grading criteria:
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Submission
● Fill in five tasks.

○ 1.1.2 Transform the dataset (10pt)
○ 2.1 Build distilled dataset (20pt)
○ 2.2 SFT configurations ⇒ 2.4 Evaluate the student model (20pt)
○ 3.1 Confidence scoring (20pt)
○ 3.2 Cascade policy (30pt)

● 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
● Quantization: https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-quantization

● bitsandbytes: https://huggingface.co/docs/transformers/en/quantization/bitsandbytes

● QLoRA: https://openreview.net/forum?id=OUIFPHEgJU

● Black-box KD: https://arxiv.org/abs/2401.07013

● FrugalGPT: https://openreview.net/forum?id=cSimKw5p6R

● MoT Cascade: https://openreview.net/forum?id=6okaSfANzh

● Self-consistency: https://arxiv.org/abs/2203.11171
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THANK YOU
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