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The VRAM Bottleneck





Sources of the Bottleneck

Model Parameters

Gradients

Optimizer States 



Precision Options
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Quantization
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Optimizer State



Low Rank Adaptation (LoRA)



Low Rank Decomposition of a Matrix



Low Rank Adaptation (LoRA)

Compresses tunable 
parameters 

 Weight matrix  
1024 x 1024

LoRA matrices 
1024x8 and 8x1024 
respectively

Uses 1024 * 8 * 2 
parameters



Low Rank Adaptation (LoRA)



Activations



Quantized LoRA

Optimizer State (32-Bits)

Base Model
(32-Bits or 16-Bits)

Base Model
(32-Bits or 16-Bits)

Base Model
(4-bits NF4)

LoRA Adapter
(16-Bits)

Optimizer State (32-Bits)

LoRA Adapter
(16-Bits)

Optimizer State (32-Bits)

Standard FT LoRA QLoRA



QL0RA



Towards NF4 representation

4-bit integers can represent 16 levels 

 -1.0, -0.8667, -0.7333, -0.6, 

-0.4667, -0.3333, -0.2,  -0.0667, 

0.0667, 0.2, 0.3333, 0.4667, 

0.6, 0.7333, 0.8667, 1.0





More to do

● Gradient Accumulation

● Paged Optimizers

● Double Quantization

● AdaLoRA

● LongLoRA

etc…
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