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Logistics

● Homework assignments
○ Homework 0 & 1, due 3/3 & 3/10 

■ 5% extra credits each
● Student presentation groups confirmed





FlashAttention

● Tiling and 
recomputation to reduce 
GPU memory IOs
○ Fast (3x) and 

memory efficient 
(10-20x) algorithm 
for exact attention

○ Longer sequences 
(up to 16K) yield 
higher quality

Massive adoption



Attention mechanism review (cont’d)

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Attention mechanism review (cont’d)

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Approximate attention

FlashAttention – Tri Dao | Stanford MLSys #67

tradeoff quality for speed fewer FLOPs

does not result in an actual wall clock speedup

https://www.youtube.com/watch?v=gMOAud7hZg4


Approximate attention

Longformer: The Long-Document Transformer

https://arxiv.org/pdf/2004.05150


GPU compute model & memory hierarchy

FlashAttention – Tri Dao | Stanford MLSys #67

1. Inputs start out in 
HBM (GPU memory)

3. Output written 
back to HBM

2. Data moved to 
compute units & 

SRAM for 
computation

Can we exploit the memory 
asymmetry to get speed up?

https://www.youtube.com/watch?v=gMOAud7hZg4


Data movement is the key bottleneck



How to reduce HBM reads/writes: compute by blocks

FlashAttention – Tri Dao | Stanford MLSys #67

● Challenges:
○ Compute softmax normalization without access to full input

○ Backward without the large attention matrix from forward

● Approaches:
○ Tiling: Restructure algorithm to load block by block from 

HBM to SRAM to compute attention

○ Recomputation: Don’t store attention matrix from forward, 
recompute it in the backward

https://www.youtube.com/watch?v=gMOAud7hZg4


Tiling

FlashAttention – Tri Dao | Stanford MLSys #67

● Decomposing large 
softmax into smaller ones 
by scaling

https://www.youtube.com/watch?v=gMOAud7hZg4


; denotes concatenation
note that the terms involving ea + eb + ec cancel out each other
same for the ed + ee terms
  

𝛼 𝛽A A1 A2



Tiling for matrix multiplication 

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Tiling for matrix multiplication (cont’d)

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Tiling for matrix multiplication (cont’d)

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Tiling (cont’d)

FlashAttention – Tri Dao | Stanford MLSys #67

1. Load inputs by blocks from HBM to 
SRAM.

 2. On chip, compute attention output 
with respect to that block. 

 3. Update output in HBM by scaling.

https://www.youtube.com/watch?v=gMOAud7hZg4


Demo

FlashAttention – Tri Dao | Stanford MLSys #67

● https://jacksoncakes.com/flashattention-fast-and-memory-efficient-exact-attention/

https://www.youtube.com/watch?v=gMOAud7hZg4
https://jacksoncakes.com/flashattention-fast-and-memory-efficient-exact-attention/


Recomputation (backward pass)

FlashAttention – Tri Dao | Stanford MLSys #67

● By storing softmax normalization from 
forward (size N), quickly recompute 
attention in the backward from inputs 
in SRAM.

https://www.youtube.com/watch?v=gMOAud7hZg4


FlashAttention: 2-4x speedup, 10-20x memory 
reduction

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Faster Training: MLPerf Record for Training 
BERT-large

FlashAttention – Tri Dao | Stanford MLSys #67

● MLPerf: (highly optimized) standard benchmark for training 
speed

● Time to hit an accuracy of 72.0% on MLM from a fixed 
checkpoint, averaged across 10 runs on 8 x A100 GPUs

https://www.youtube.com/watch?v=gMOAud7hZg4


Faster Training, longer context

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4


Faster Training, longer context

FlashAttention – Tri Dao | Stanford MLSys #67

https://www.youtube.com/watch?v=gMOAud7hZg4






Test-time training
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Test-time training (cont’d)
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linear 
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Others

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



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




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



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







Transferring fine-tuning updates



Multilingual model development



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


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







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!


