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Generative LLM, oversimplified intro

What does it do? Predict the next token (e.g

- Ground Truth: “Paris is a beautiful city”

- X:“Parisis a”

Y: “beautiful”

Model: “good”

Optimize: “good” @ “beautiful’ dg

See my [lm-primer materials for more LLM intro

. GPT)

X: “Paris is a beautiful”

Y: “city”

Model: “place”

Optimize: “place” @@ “city”" s


https://arxiv.org/abs/2005.14165
https://github.com/hululuzhu/llm-primer

Finetuning vs Prompting

Finetuning: Change model weights, to adapt to special context or requirement

- E.g. GPT3 is pretrained model
- GPT3.5 (davinci) is finetuned using Supervised Finetune (SFT) to align with experts’ style

ChatGPT further finetuned using Reinforcement Learning Human Feedback (RLHF) to further align
with human preference (with an additional reward model)

Prompting: Freeze the model, change text prompts

- E.g. “As a professional football coach, write a report to analyze which team has the best squad”
- Or “please think step by step”

My personal take based on my experience:
In most business and research application domains, Finetuning with high quality data will work better

than Prompting.



LLaMa By Meta (Facebook)

- Open sourced large language model (Facebook blog)

- 4 versions: /B, 13B, 33B and 65B (GPT3 has 1/5B)
- Model application form

- Not for commercial use

- Why is it a big thing?
- The best open source LLM as of April 2023, a gift to the academia
-  The 65B LLaMa is better than 175B GPT3 in benchmarks, see paper
- Ihe weights were leaked, so everyone can have a copy
- The cost to train such an LLM will be at least 10 million USD or more

- The cost to tune LLaMa to a high quality model for a use case?
- S600! Let's meet Stanford Alpaca



https://ai.facebook.com/blog/large-language-model-llama-meta-ai/
https://docs.google.com/forms/d/e/1FAIpQLSfqNECQnMkycAp2jP4Z9TFX0cGR4uf7b_fBxjY_OjhJILlKGA/viewform
https://arxiv.org/abs/2302.13971
https://www.theverge.com/2023/3/8/23629362/meta-ai-language-model-llama-leak-online-misuse
https://crfm.stanford.edu/2023/03/13/alpaca.html
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S600 to reproduce a ChatGPT

to get seed task prompts
Rely on to sample prompts and responses
Use LLaMa 7B to finetune (3 hours on 8x80GB A100s)

Get a high quality Alpaca /7B
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175 Self- Modified Self-instruct Instruction-following
Instruct Instruction Generation examples

seed tasks

Example seed task Example Generated task

Instruction: Brainstorm a list of Instruction: Brainstorm creative
possible New Year's resolutions. ideas for designing a conference

Output: foom:

- Lose weight Output:

- Exercise more ... incorporating flexible

- Eat healthier components, such as moveable
walls and furniture ...



https://arxiv.org/abs/2212.10560
https://openai.com/blog/introducing-chatgpt-and-whisper-apis
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to get seed task prompts
Rely on to sample prompts and responses
Use LLaMa 7B to finetune (3 hours on 8x80GB A100s)
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175 Self- Modified Self-instruct Instruction-following
Instruct Instruction Generation examples

seed tasks

Example seed task Example Generated task

Instruction: Brainstorm a list of Instruction: Brainstorm creative
possible New Year's resolutions. ideas for designing a conference
room.

Output:

- Lose weight Output:

- Exercise more ... incorporating flexible

- Eat healthier components, such as moveable
walls and furniture ...



https://arxiv.org/abs/2212.10560
https://openai.com/blog/introducing-chatgpt-and-whisper-apis

(Low-Rank Adaptation)

- Weights (W) for in self attention
- Assume d is hidden dimension size, W is often a dxd matrix, so
number of weights are d*d
- Brush up some linear algebra
- If we have matrix A, shape is d*r (r <<d)

- And we have B, shape is r*d
- Shape of Matrix_multiply(A, B) is d*d!

- The summation will add up W (freezed), and the A@B

matrix, so we only need to train A, and B
- Number of weight for Aand B are 2 *d * r << d*d



https://arxiv.org/abs/2106.09685
https://en.wikipedia.org/wiki/Transformer_(machine_learning_model)
https://medium.com/analytics-vidhya/understanding-q-k-v-in-transformer-self-attention-9a5eddaa5960

d, =51

W = np.arange(d * d).reshape((d,

A = np.ones(shape=(d, r))
B = np.ones(shape=(r, d))

print("W", W)
print("A", A)
print(“B", B)

W[[e 1 2 3 4]
[5 6 7 8 9]
[10 11 12 13 14]
[15 16 17 18 19]
[20 21 22 23 24]]
A [[1.]

[1.]

[1.]

[1.]

[1.1]

B [[1- 1.1, 1. 1.1

print(W + A @ B)

[[ 1. 2. 3. 4. 5.]
[6. 7. 8. 9. 10.]
[11. 12. 13. 14. 15.]
[16. 17. 18. 19. 20.]
[21. 22. 23. 24. 25.]]

d,))

Brush up a little bit linear algebra

Without LoRA

- If we want to finetune, we will tune W, which is bx5=25 weights

With LoRA
- We freeze W
- We only train A and B, each has 5 weights, so we will tune 10 (as
compared to 25)
Training time
- We will have to go through additional W+A@B calculation
- The additional A@B might introduce additional cost for
parallelism especially for TPU
Inference time

- We could cache the A@B to be added to W, so no additional
inference cost!



Why would 7B LLaMa fitinto 10G GPU?

- If full precision float? 4 bytes per parameter
- So roughly 4 bytes * 7 billion = ~28G GPU memory needed!!!

So we need the magic quantization!

- Use 1 byte (actually more than 1) instead of 4 bytes
- Empirically, we can fit /B LLaMa into GPU for only ~7.3G memory!ll

- With LoRA, we may only train <1% the total weights!


https://arxiv.org/abs/2208.07339

So thereis an W & @ Alpaca-Lora project!

And it is time to switch to our demo code today that
builds on top of Alpaca-Lora, applied in the use case of

Chinese Couplet (X]EX)



https://github.com/tloen/alpaca-lora
https://github.com/hululuzhu/llama-lora-chinese-couplet/blob/main/LLaMA_LoRA_Chinese_Couplet_demo_v1.ipynb

Demo on Chinese Couplet (A100, 9 mins),

L Base LLaMA LLaMa_LoRA_A100 9mins
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https://github.com/hululuzhu/llama-lora-chinese-couplet/blob/main/LLaMA_LoRA_Chinese_Couplet_demo_v1.ipynb

LLaMa + LoRA is just one of the efficient tuning combinations

More LLMs besides LLaMa: More Parameter Efficient Tuning

- GPT-Neo and Pythia by EleutherAl besidgs-LORA

- Commercial use -  Prefix-Tuning,
- BLOOM by OpenScience - P-Tuning
- OPT by Facebook/Meta - P-Tuning v2
- GLM by Tshinghua - Prompt Tuning
- MOSS by Fudan - AdaloRA
- ULZ by Google - more

- more


https://github.com/EleutherAI/gpt-neo
https://arxiv.org/pdf/2304.01373.pdf
https://huggingface.co/bigscience/bloom
https://ai.facebook.com/blog/democratizing-access-to-large-scale-language-models-with-opt-175b/
https://keg.cs.tsinghua.edu.cn/glm-130b/posts/glm-130b/
https://github.com/OpenLMLab/MOSS
https://arxiv.org/abs/2205.05131v1
https://aclanthology.org/2021.acl-long.353/
https://arxiv.org/abs/2103.10385
https://arxiv.org/pdf/2110.07602.pdf
https://arxiv.org/abs/2104.08691
https://arxiv.org/abs/2303.10512

