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A Minimal Explanation of Large Language Model

What is the capital

Step 1: Pre-training of Australia?

@ Pre-training

Raw text
(low quality, high quantity)

Pre-training
i\%ﬁ Is a question that people
often get wrong.
Base LLM crompt  Explain the moon landing to a 6 year old in a few sentences.

GPT, PaLM, LLaMA, MPT-7B, StableLM,
Falcon, RedPajama-INCITE, StarCoder

B R R R R R R ————

( 1 Completion GPT-3

T —" ] Explain the theory of gravity to a 6 year old.
Explain the theory of relativity to a 6 year old in a few sentences.

Explain the big bang theory to a 6 year old.



A Minimal Explanation of Large Language Model

Step 2: Fine tuning

ME

Demonstrations
(high quality, low quantity)

Supervised fine-tuning

SFT Model

Alpaca, Dolly, Vicuna, Guanaco, MPT-
7B-Instruct, StarChat

tinh chinh LLM dé& cho né tra 16i nhu minh mong muon.

_ 8

Rewrite

Summarization —

Please generate an article title with the theme
“Seasons”.

Embracing the Beauty of Change: A Journcy
Through the Seasons.

Rewrite the following sentence.
My favorite fruit is apple, because it 1s sweet
and delicious.

Apples are my preferred fruit due to their
delightful sweetness.

Please summarize in one title.

Recent research findings suggest that babies
begin learning language in the months before
birth, indicating their sensitivity to external
sounds in the mother’s womb and their ability
to remember words they hear, revealing the
remarkable capabilities of infant brains in
carly developmental stages.

Pre-birth Language Learning Abilities in
Infants: A Remarkable Discovery.

ification @
Classi {

. &8
Translation { I
. 8,
Role-playing ——[ |

Please categorize “Fish, Dog, Cat, Snake” into
mammals and non-mammals.

Mammals: Dog, Cat.
Non-Mammals: Fish, Snake.

Translate English into Chinese:
Grow old along with me, the best is yet to be.

MR — RIS E, WL MG MR SR

You are now a duck, and you will quack as
many times as [ say a number. Three.

Quack, Quack, Quack.
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Pre-training vs. Supervised Fine-tuning

meta-llama/Llama-2-7b

seta-llama/Meta-Llama-3-8B-Instruct
meta-llama/Llama-2-13b " meta-llama/Llama-2-13b-chat

“moeta-llama/Meta-Llama-3-70B-Instruct

meta-llama/Llama-2-70b v meta-llama/Llama-2-76b-chat



Retrain all parameters

Introduction

Transfer Learning

Pramaa Efcint - PEFD
e Nhiéu (rng dung trong NLP dua vao viéc diéu chinh mot moé hinh ngén ngit 16n
da duoc pretrained dé phu hop véi nhiéu nhiém vu cu thé.
e Nhugc diém chinh: viéc fine tuning mo hinh yéu cau luu trir s6 lvong tham so
|6n tuvong duong véi mo hinh goc.
o vi du: BERT-large, GPT-2 (354M), GPT-3 (175B), LLaMa, ...
e Nhiéu nha nghién ctru da tim cach khac phuc van dé nay bang céch chi diéu
chinh mo6t s6 tham s6 hodac hoc cdc mo-dun bén ngoai cho cac nhiém vu mdi,
o chi can tai mot sé lvong nhé tham s6 danh riéng cho nhiém vu.
e Viéc tinh chinh tat ca cdc tham so trong m6t mo hinh I6n [a qua ton kém.




LORA

e« M6 hinh pre-trained cé "low instrisic dimemsion" (chi moét tap hop nho cac
tham s6 can dugc update dé cé hiéu qua tot)

e LoRA tan dung diéu nay bang céch tap trung vao viéc diéu chinh cac ma tran
c6 hang thap thay vi toan b6 tham s ctia mo hinh, gitp giam dang ké chi phi
tinh toan va luu trir ma van dam bao hiéu suat cao.
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Figure 1: Our reparametriza-
tion. We only train A and B.




Low rank matrices
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Practical Benefits and Limitations

e VRAM usage:
o Tong dung lvong VRAM can thiét = tong tham sb goc + tham sé duoc tinh
chinh.
o Khong can theo doi trang thai cua optimizer cho cdc tham sd bi déng
bang, gilp tiét kiém tai nguyén.
o Viduvai GPT-3: 1.2TB xuéng 350GB
« Kich thudc checkpoint:
o V&i GPT-3: giam tir 350GB xudng chi con 35MB.
e Hiéu qua:
o Tang tdéc 25% trong qua trinh huan luyén.
o Khong tang do tré trong qua trinh suy luan (inference latency).




Methods other

e Full Fine-tune
e Bias-only: Chi diéu chinh céc bias ciia mo hinh, giam dang ké s6 lugng tham s6 can cap
nhat. Pham vi diéu chinh han ché, anh hudng dén hiéu suat.
e Prefix-embedding tuning:
o Thém cac token dac biét (prefix) vao dau cac token dau vao.
o Prefix-layer tuning:
o Tuong tu Prefix-embedding tuning nhung di sau hon: hoc cac embedding cho prefix
sau moi I&p cua mo hinh.
o Céach tiép can nay cho phép mo hinh hoc dugc su thich nghi chi tiét hon qua cac layer
khac nhau.
e Adapter tuning:
o Thém céc |6p adapter gitta module (self-attention) hodac module MLP va két noi du
(residual connection).
o Adapter dugc huan luyén trong khi git nguyén céc tham s6 géc cua mo hinh, giam chi
phi diéu chinh va tang tinh mé-dun hda.




Results

# Trainable | WikiSQL MNLI-m  SAMSum
Modelé&Method Parameters | Acc. (%) Acc. (%) RI/R2/RL
GPT-3 (FT) 175,255.8M 73.8 89.5 52.0/28.0/44.5
GPT-3 (BitFit) 14.2M 71.3 91.0 51.3/27.4/43.5
GPT-3 (PreEmbed) 3.2M 63.1 88.6 48.3/24.2/40.5
r_g=r_v=4 GPT-3 (PreLayer) 20.2M 70.1 89.5 50.8/27.3/43.5
GPT-3 (Adapter") 7.1M 71.9 89.8  53.0/28.9/44.8
GPT-3 (Adapter™) 40.1M 73.2 91.5  53.2/29.0/45.1
GPT-3 (LoRA) 4. ™™ 713.4 91.7 53.8/29.8/45.9
GPT-3 (LoRA) 37.TM 74.0 91.6 53.4/29.2/45.1
Model Parameters | Accuracy o
Thuc nghiém:
PhoBERT- | __ o6 e Data : UIT-VSFC ( phén loai cam xuc dua
base A > N . n
trén phan hoi sinh vién)
PhoBERT- | o0 e =38
base (LORA) ‘
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e Fine-Tune: Duy tri hiéu suat on dinh khi tdng tham s6 nhung khong mad rong tot.

e PrefixEmbed & PrefixLayer: Hiéu suat suy giam khi s6 luong token déc biét
vuot qua ngudng toi uu.

o Adapter(H): Dat hiéu suat tot nhung khong bang LoRA.

e LoRA: Thé hién kha ndang ma rong va hiéu suat vuot troi hon so véi cac phuong
phap khac.



Chiing ta nén ap dung LoRA vao ma tran trong sé nao trong Transformer ?

e Chi diéu chinh cac trong module self-attention.
e Diéu nay cho thay rang diéu chinh nhiéu ma tran trong sé véi rank nho hon hiéu qua
hon la diéu chinh mot loai trong so6 vdi rank [6n hon.

# of Trainable Parameters = |8M

Weight Type Weo Wi W, W, WoWr Wo W, We Wi, Wy, W,
Rank r 8 8 8 8 4 4 2
WikiSQL (£0.5%) | 704 70.0 73.0 73.2 71.4 73.7 13.7

MuluNLI (£0.1%) | 91.0 90.8 91.0 91.3 91.3 91.3 91.7




Rank r nao la toi uwu cho LoRA?

e rank nho chi bang 1 da du dé diéu chinh ca W_g va W_v trén céc tap di liéu nay,
trong khi viéc chi diéu chinh W_q yéu cau moét rank I16n hon.
e Chi can rank nho la dat duoc hiéu suat tot => ma tran cap nhat coé intrinsic rank rat

nho.

e Néu bo dir liéu khac biét va phure tap hon so véi dit liéu huan luyén ban dau, nén su
dung gia tri hang cao (64-256). Nguoc lai, néu van dé don gian va khong cé bd dir

liéu phire tap mai, gia tri hang thap (4-12) la du.

Weight Type r=1 =2 r=4 r=8 r=064

- W 688 69.6 705 704  70.0
. "0 q . . I

WikiSQL(=0.9%) Ww,, W, 734 733 737 738 7135
W, Wi, W, W, | 741 737 740 740 739
W, 9.7 909 911 907  90.7
MultiNLI (£0.1%) Ww,, W, 913 914 913 916 914
W, Wi, W,, W, | 912 917 917 915 914




Ma tran Adaptation AW so voi W:

e AW c6 su tuwong quan manh mé hon véi W so v&i ma tran ngau nhién => AW lam
noi bat mot s6 dac trung da cé trong W.
e LoRA cé thé lam tang cuong cac dac trung quan trong cho cac nhiém vu dau ra

cu thé.

e Lam noi bat cac hudng chua dugc nhan manh: AW khong [&p lai cdc hudng dac
trung hang dau cua W, ma chi lam noi bat cac hudng chua duwge nhan manh.
e Yéu 16 khuéch dai |6n: Yéu t6 khuéch dai la rat I6n (21.5 ~ 6.91/0.32 cho r=4)

r=4
AW, W, Random

r = 04

AW, 4 Random

q

JU'WV T |p =

V.32 21.67 0.02

190 37/.7] V.33

|W,||F = 61.95

|AW,||F = 6.91

|AW, || = 3.57




Conclusion

e Viéc fine tuning LLM la rat tdn kém vé phan cing va chi phi luu trir/chuyén doi
dé luu trir, LoRA dé xuat mot chién luoc adaptation hiéu qua khong lam tang
do tré inference va ciling khong giam d6 dai chuoi dau vao trong khi van duy tri
chat lwgng mo hinh cao.

e N6 cho phép chuyén doi nhiém vu nhanh chéng bang céch chia sé phan I6n
cac tham sé cua mo hinh.

e Mac du tac gia tap trung vao cac mo hinh Transformer, cdc nguyén ly dé xuét

c6 thé 4p dung rong rai cho bat ky mang no-ron nao véi cac dense layer.



FUTURE WORK

e Két hop LoRA véi cac phuong phap adaptation khac dé cai thién hiéu qua.

e Nghién ctru rd rang co ché cua LoRA va cach cac dac trung hoc duoc trong
huan luyén trudc dugc chuyén doi cho cac nhiém vu dau ra.

e Tim kiém céc phuong phap ly thuyét hon dé chon ma tran trong s6 cho LoRA,
hién tai chi chon theo kinh nghiém

e Kham pha viéc thiéu hang (rank-deficient) trong AW va W






