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Efficient training & inference
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Logistics

● HW 2 released due 11/18
● Final presentations: 12/4 & 12/9



Today’s lecture

● Knowledge distillation
● Model merging / Model editing
● Multi-query attention / Grouped-query attention
● KV caching
● Steering vectors
● Pruning
● Quantization



Future lectures

● Agents & Compound AI systems (2 lectures)
○ Retrieval-Augmented Generation (RAG)
○ Tool-use models
○ Modular AI software with DSPy
○ Mixture of agents
○ Agentic memory
○ Model Context Protocol (MCP) & Agentic AI workflows

● Diffusion models
● Ethics and safety



Knowledge distillation

Prompts Training data / 
training signals

Teacher 
model

Student 
model













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









Why do we want to edit LLMs?

● improve performance on downstream tasks

● mitigate biases or unwanted behavior

● align models with human preferences

● update models with new information



The notion of task vectors

In practice, we have an optional 
scaling term λ



Forgetting via negation

In practice, we have an optional 
scaling term λ



Learning via addition

In practice, we have optional 
scaling terms λA, λB



Task analogies “A is to B as C is to D”

In practice, we have optional 
scaling terms λA, λB, λC



Task analogies “A is to B as C is to D”

In practice, we have optional 
scaling terms λA, λB, λC



Making language models less toxic with negative task 
vectors
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What is model merging?

Task A

Task B

Task C

Expert B

Expert C

Expert A



Why model merging?

● dramatically reduces storage and serving costs by reusing a single model 
across tasks

● enables compositional combination of capabilities from expert models, which 
can improve generalization to novel tasks

● supports decentralized and modular model development by allowing multiple 
contributors to independently build models and later combine them together



Merging boosts zero-shot generalization







Transferring fine-tuning updates



Multilingual model development



Multi-query attention / grouped-query attention

https://www.ibm.com/think/topics/grouped-query-attention

https://www.ibm.com/think/topics/grouped-query-attention


Multi-query attention / grouped-query attention

https://magazine.sebastianraschka.com/p/from-gpt-2-to-gpt-oss-analyzing-the

https://magazine.sebastianraschka.com/p/from-gpt-2-to-gpt-oss-analyzing-the


KV caching

the

K

V

Q

the students opened their

Q = X · WQ 

K = X · WK

V = X · WV

linear 
projections



KV caching (cont’d)

https://newsletter.theaiedge.io/p/how-to-reduce-llm-decoding-time-with

https://newsletter.theaiedge.io/p/how-to-reduce-llm-decoding-time-with


Steering vectors

https://arxiv.org/abs/2308.10248

https://arxiv.org/abs/2308.10248


Steering vectors (cont’d)

https://arxiv.org/abs/2308.10248

https://arxiv.org/abs/2308.10248


Pruning

● Remove parameters from the model after training









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



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

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


How to represent numerical values

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


How to represent numerical values (cont’d)

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


How to represent numerical values (cont’d)

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Memory 
constraints

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Memory 
constraints
(cont’d)

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Common data types: FP16 (half precision)

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Common data types: BF16

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Common data types: INT8

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Common data types: INT8

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Symmetric quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Absolute maximum (absmax) quantization

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


Maarten Grootendorst's blog: A Visual 
Guide to Quantization

Absolute 
maximum 
(absmax) 
quantization

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


Maarten Grootendorst's blog: A 
Visual Guide to Quantization

Dequantization

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


Dequantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Dequantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Asymmetric quantization

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Asymmetric quantization (cont’d)

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Asymmetric quantization (cont’d)

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


Maarten Grootendorst's blog: A Visual Guide to Quantization

Symmetric vs. Asymmetric quantization

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


Post-training quantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

● Dynamic Quantization
● Static Quantization

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


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)

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Static quantization

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


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

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Quantization aware training (cont’d)

Maarten Grootendorst's blog: A Visual Guide to Quantization

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




The era of 1-bit LLMs: BitNet

Maarten Grootendorst's blog: A Visual Guide to Quantization

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


Thank you!


