
Distillation, quantization, and pruning

Tu Vu

CS 5624: Natural Language Processing
Spring 2025

https://tuvllms.github.io/nlp-spring-2025

https://tuvllms.github.io/nlp-spring-2025


Knowledge distillation

Prompts Training data / 
training signals

Teacher 
model

Student 
model



Pros and cons of knowledge distillation













Temperature



Temperature (cont’d)

flatter distribution 
(more randomness)

peaked distribution 
(more deterministic)



DistillBERT reduces BERT’s size by 40%, while 
retaining 97% of its performance and being 60% 
faster







Enabling a 770M parameter T5 model to outperform 
the few-shot prompted 540B PaLM model



Distilling step-by-step



Leveraging few-shot CoT prompting to extract 
rationales from LLMs



Less training data



Smaller deployed model size



Distilling step-by-step outperforms few-shot LLMs with smaller models 
using less data







Quantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Quantizing both the weights and activations
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How to represent numerical values
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How to represent numerical values (cont’d)
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How to represent numerical values (cont’d)
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Memory 
constraints
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Memory 
constraints
(cont’d)
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Quantization
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Common data types: FP16 (half precision)
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Common data types: BF16
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Common data types: INT8
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Common data types: INT8
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Symmetric quantization
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Absolute maximum (absmax) quantization
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Maarten Grootendorst's blog: A Visual 
Guide to Quantization

Absolute 
maximum 
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quantization
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Maarten Grootendorst's blog: A 
Visual Guide to Quantization

Dequantization
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Dequantization
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Dequantization
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Asymmetric quantization
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Asymmetric quantization (cont’d)
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Asymmetric quantization (cont’d)
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Symmetric vs. Asymmetric quantization
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Post-training quantization
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● Dynamic Quantization
● Static Quantization
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Dynamic quantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Dynamic quantization (cont’d)
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Static quantization
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The realm of 4-bit quantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

● GPTQ (full model on GPU)
● GGUF (potentially offload layers on the CPU)

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


Quantization aware training
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Quantization aware training (cont’d)
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The era of 1-bit LLMs: BitNet
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Pruning

● Remove parameters from the model after training









Training a pruned randomly-initialized networks can be better than training the full 
randomly-initialized network



Thank you!


