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* Motivation for fine-tuning LLMs



The three ways to adapt LLMs:
Pre-training, Fine-tuning, Prompting
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Why do we fine-tune LLMs?
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Pre-training Fine-tuning
- Learns general knowledge (e.g., English) Specialized knowledge (e.g., medicine, law)

- Very large compute (weeks, thousands of GPUSs) Much smaller compute (hours-days, few GPUs)
- Massive unlabeled web-scale data Smaller labeled or domain-specific dataset
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e Motivation for PEFT



Motivating Example

* Example: 100B Parameter Model (fp16)
* Weights: ~200 GB

* Gradients: ~200 GB

* Adam optimizer states: ~400 GB

* Total training memory = 800 GB

* Fp4 -> 50GB (Quantization) + LoRA -> QLoRA



Motivating Example contd.

* Memory Explosion
* Training requires:
 ~800 GB memory for a single run
* 8-16 high-end GPUs (80GB each)

* Storage Explosion

* Suppose you fine-tune for 50 domains/ enterprise clients
e 200GB x 50 =10 TB Storage required (weights only)
* Add optimizer states and checkpoints > even more



Motivating Example contd.

* Slow Iteration & High Cost
* Each fine-tuning run takes hours to days and expensive GPU time

* You cannot retrain every time when regulations change, new clientis
onboarded, data is updated

* Catastrophic Forgetting

* Full weight updates may:
* Overwrite pretrained knowledge
* Reduce general capability
* Make the model too narrow

* Especially risky with small domain datasets



PEFT to the Rescue — updates only small

percentage of parameters

Metric Full Fine-Tuning

Total Parameters Updated 100B

% of Model Updated 100%

Storage per Task ~200 GB

Training Memory Needed ~800 GB

GPUs Required 8-16 high-end GPUs
Storage for 50 Tasks ~10TB

Deployment Strategy One full model per task
Risk of Forgetting High

Scalability Poor

PEFT (0.5%)
500M
0.5%
~1 GB

Drastically reduced (only
adapters trainable)

1-4 GPUs (depending on setup)
~50 GB

One shared base + small
adapters

Lower (backbone frozen)
High
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Finetune only last layer 50 - crossentropy(s, )

Pros ¥ = p(y|h:) [ y = one-hot(positive) ]
* Verylow compute and memory cost L_>
* Simpletoimplement T
Cons stop gradient here Transformer layer

. : : s.t. error does not a2\
* Limited adaptation capacity backprop to lower = ”
 Cannot modify deeper representations layers
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Prompt Tuning

Learn small trainable input

embeddings (soft prompts) while | will definitely watch it again.
keeping the main model frozen. .
Pros Tunable Y

* Extremely lightweight Embeddings Input Token

* No architecture changes
(Soft Prompt) Embeddings

Cons
* Limited control for complex tasks

* Performance sensitive to prompt
length

https://www.researchgate.net/figure/The-comparison-between-the-previous-T5-prompt-tuning-method-part-a-and-the-introduced_fig1_366062946



Prefix Tuning

Learn task-specific prefix vectors added to
keys, values of each attention layer of a
frozen model.

Pros
 Backbone fully frozen
* Fewer parameters than adapters

Cons

e Can be unstable to tune

* Lower expressivity than weight-based
methods

https://www.mdpi.com/2076-3417/14/23/10772
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Low Rank Adaptation (LoRA)

Add small low-rank trainable updates to selected
weight matrices while freezing the original model.

Pros
* Near full fine-tuning performance
* Very small number of trainable parameters

transformer

Cons
* Requires rank and module tuning
e Slight added complexity

LoRA could apply to every linear layer in the

add & layer norm

feed-forward neural net
A

add & layer norm

multi-headed

attention
F Y

Transformer but the original paper applies it only
to the attention weights
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Low Rank Adaptation (LoRA)

Standard Layer: z = Wy
. LoRA Linea Layer
LoRA Layer: z=(Wy+ BA)x, r < min(d,k) | d

X (IITITITIIIT11]
l J
Nk
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* Hands-on with Jupyter Notebook

Walkthrough with ter Not K
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e Conclusion



Conclusion

Fine-tuning LLMs is important for better performance on
specialized domains

~ull fine-tuning LLMs in infeasible, so PEFT comes to the rescue

PEFT could be implemented in multiple ways like Finetuning only
last layer, Adapters, Prompt Tuning, Prefix Tuning, LORA, QLoRA,
etc.
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Thank you!! Questions??
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