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At AL R AlphaGo/Zero,
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E AR B E B AlphaFold \ ") Yol
ﬁJ: Nature%‘éf&(ﬁﬁo T1037 / 6vrd 11049 / 6yat

90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)
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@ Computational prediction

Highly accurate protein structure prediction with AlphaFold, Nature, 2021
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AlﬁﬁﬁﬂAlphaCOdeﬁ_l: Token Prob
Science . for 41.8%

BRI S IRTAG T BA '

12.0%

=l

PEI R i Codeforces i T def 9.3%
*ﬁ%k%ﬂ%ﬁ o import 121;: | e o CODE BVAI
# 2.6%

Al learns to write computer code in ‘stunning’ advance, Science, 2022
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ChatGPT: Optimizing
Language Models
for Dialogue
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“They led significant breakthroughs in Al technologies ...”

A] - A7 B8 (Y oshua Bengio)
— INERFEH KRR

7588 B - 3£i(Geoffrey Hinton)
— 282 K%, Google Brain

# & E(Yann LeCun)
— HAHKRE, MetaF FERI2ER
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* 20124F, LlAlexNet HAFERBIME M LE(H 1 240
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° 20174F, LlTransformer’ K H RE S B (C1{L222))
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Is it a cat?
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ImageNet Classification with Deep Convolutional Neural Networks, 2012.
Vg% : Alex Krizhevsky, Ilya Sutskever (OpenAl), Geoffrey E. Hinton
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Top-1 accuracy [%]
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g0 Inception-v4
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PASEHR:

o R Ji(self-attention) X%y
NHAT b

o A2 Y& Ji(cross-attention)
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Output Probabilitics

Linear & Softmax
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Positional Encodings —-63 € =— Positional Encodings

Token Embedding

Token Embedding

f f

Inputs (Shifted) Outputs
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The_ The_

ey 2 animal_ animal_
M TR SRR . o
B~ R YRR R B S @Y 5 "
I EERE S i
,fﬁ Uﬁ n’ 1t éé H;é iu bec?:ueset:: ts)t;ceZL_se_
— animal, it_ it
— cross-the-street, Vtvzcs,: ::i,s__
— too tired ﬁ: ;"e

The animal didn’t cross the street because 1t was too tired.
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e.g., L= 96 (ChatGPT)

e 4ERE D MK 2048
ERIFHES 4 O(D?-L)
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Vaswani et al. Attention Is All You Need, 2017
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EXTRA
LARGE
GI:)T_ 2 (0 C DECODER 9
LARGE
MEDIUM 6 DECODER
@ GPT_ 2 2a DECODER D) o 5 E DECODER 3
SMALL .. a DECODER ) a DECODER D)
12 DECODER ) 3 ( DECODER )| |=C DECODER D
eee 2 DECODER D) 2 ( DECODER ) 2 ( DEGODER D
1 DECODER ) 1( DECODER ) \' C DECODER )J \1( DECODER )J
Model Dimensionality: 768 Model Dimensionality: 1024 Model Dimensionality: 1280 Madel Dimensionality: 1600
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 Positional Embedding Hj sine/cosine pF%{
U~ Rotary Positional Encoding (RoPE,
Su et al. (2021))

PE(pos,i?z’) — Sin(pos/loooogifdmodcl)
PE(pos2i+1) = COS(pOS/lUOOO%Mmﬂdd)



Positional Embedding i

IEX R%(Sinusoidal) g A Ay i i . 2
iy (ROPE)

PE(pos,2i) = sin(pos/100002/ dme)
P E(pos,2i+1) = cos(pos/ 100002%7%(151)

AE B g X B G 15 201 (i B S 5
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( cosmfy —sinmb, 0 0 0 0 \ ( o \
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Linear + ReLU % ik GLU +GelLU

» )M T Gated Linear Unit (G
* SIS, ARG KL, )

He

)
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&

Applies the gated linear unit function GLU (a,b) = a ® o(b)



GELU

B EMRE S M 8 T B R BE SR By Transformer 28 (2349 BERT ] OpenAl Y GPT-2) {5
BTN, GELU B9IEXKER 2016 &, EERISEASIEXT, XMBiERHNEXR:

GELU(z) = 0.5z (1 + tanh (\/2/7(33 + 0.044715333)))




A AR 2 45 FEN (B0 )5)

FFNGeGLU (3::; Wl, V, Wg) — (GeLU(le) X CCV) W2



KRiEZ A (Large Language Model)

Additional training to become
better at a certain task

. BRAMIT2HL
o SRHTINLIES M

Example: English to
French Translation
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ChatGLMModel(

(word_embeddings): Embedding(130528, 4096) 28 layer- 60{2 = H
(ayers): ModuleList( _

(0-27): 28 x GLMBIlock(
(input_layernorm): LayerNorm((4096,), eps=1e-05, elementwise_affine=True)
(attention): SelfAttention(
(rotary_emb): RotaryEmbedding()
(query_key_value): Linear(in_features=4096, out_features=12288, bias=True)
(dense): Linear(in_features=4096, out_features=4096, bias=True)
)
(post_attention_layernorm): LayerNorm((4096,), eps=1e-05, elementwise_affine=True)
(mlp): GLU(
(dense_h_to_4h): Linear(in_features=4096, out_features=16384, bias=True)
(dense_4h_to_h): Linear(in_features=16384, out_features=4096, bias=True)

)
)
)

(final_layernorm): LayerNorm((4096,), eps=1e-05, elementwise_affine=True)

)




Numbers of Parameters (in Millions)
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LANGUAGE MODEL SIZES TO DEC/2022

# Luminous
200B

PaLM
PaLM-Coder

Minerva
540B

| Jurassic-1
178B

& Parameters

. Al lab/group

Available

Flamingo
O Closed 80B
Beesw. /bub

varm/bubble plot, sizes linear to scale. Selected highlights only. Alan D. Thompson. December 202

& LifeArchitect.ai/models
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Attention JjiE

1. self-attention 23,

Attention(Q, K, V) = softmax( %)V

EESAttentiond, Q. K. VIEREA, A/NANxd, @ITAR, EITEPEEFMEPEMESH
PEIHBMA, XERAKEHAESFREFHBM,

S=QK" e RV*N P =softmax(S) e RV*N, 0=PV eR"*,

& Attention EE S Softmax ( QKT ) HM&RSTEAHBMA,



Flash Attention

o LR M54 B S D B R EL
 Xfsoftmax s EiTE, THEERER
s HFHEHIF— 12 jt m F1 R A0

t_

L;—1r

Softmax(z) = P(x) = Z; zj—m




Multi Group Attention
e WL LEET, BREAEHE

Multi-head Grouped-query Multi-query
Values
Queries

Figure 2: Overview of grouped-query method. Multi-head attention has H query, key, and value heads. Multi-query
attention shares single key and value heads across all query heads. Grouped-query attention instead shares single
key and value heads for each group of query heads, interpolating between multi-head and multi-query attention.



Time per sample (s)
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« DataParallel @J
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oAb g
« ZeRO (Zero Redundancy Optimizer) JXIigJk

DINTFE e B —TKRGPUPRTF R B AR AL 2
B THAERBIBREE , 4EPER S Bk ds S A

 RAEREEIGE: YRR T R EHFP16 (3
TR BEIE L) MIFP32 (UG BEIF U4 WIAPAS
BERIBIOR . KRR AT A o




AL 7R I% - Low Rank Adaptation (LoRA)

FIRERER Wy € RO*, EEaR=A:

Wo+ AW = Wy + BA, B € R¥*" A ¢ R™*

Hepfr << min(d, k),

 70% Params. Pre-training
 30% Params. Fine-tuning

E /DA

* ERF

AR A !

Pretrained
Weights

Figure 1: Our reparametriza-
tion. We only train Aand £2.
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Lightning Fabric - %28 R &, AL RiErs
Accelerate (Hugginface)

ColossalAl (Meta)

DeepSpeed (f#%K) - HARAL, ZHLZ Rk
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2014 2017 2020
Vision
Transformer

Transformer3

ARB L AEH

XLNet
LSTM3EZE4 Transformer3$3E44

ChatGPT
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Whisper j&&

15 {22%0
96**1;1 =

68]3/]\ i) 35
A
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Multitask training data (680k hours)

English transcription

@ “Ask not what your country can do for -

o/ Ask not what your country can do for -

Any-to-English speech translation
@ “El répido zorro marrdn salta sobre -
&/ The quick brown fox jumps over -
Non-English transcription
@ "ol flol 22t WictEY WP Yo ge
& oY flof 2t Li2{CiES HPL 2 g8 -
No speech
§ (background music playing)
7 @

Robust Speech Recognition via Large-Scale Weak Supervision, OpenAl, 2022

AVl i

1Z

Sequence-to-sequence learning

self attention

Transformer
Encoder Blocks

self attention

HII
e
o

self attention

R
Sinusoidal
Positional @-—)é
Encoding 4

" 2xConviD + GELU

B =

Log-Mel Spectrogram

3
» D>

Jp—

HH

cross attention

TRANS-
cape | 0.0

Y

MLP
cross attention
self attention

‘ The |quick brown ***

next-token
prediction

SOT | EN |Gmez | 0.0 | The quick

Tokens in Multitask Training Format
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Whisper 3 #1244

’/
Multitask training data (680k hours)

English transcription

DA »
}%}&%IIZK ) @ “Ask not what your country can do for -
\X
%

o/ Ask not what your country can do for -

}3&:3@"‘%1 . Any-to-English speech translation
%)

€ “El rdpido zorro marrdn salta sobre "

I o/ The quick brown fox jumps over -
}%}:& Z HH > Non-English transcription

@ "oid 9ol 82t URichER {PLE KD P
@ﬁk‘ijﬁiﬁ = 7 Y 2(0f| S2t L2ACHEH HPL H3 §2 -
No speech

as (background music playing)

7 O




&% A A%, - Diffusions

Generate image astronaut rides a horse

student drive a KARTING on mars

https:// stablediffusionweb.com/#demo

R

Generate image




§RUEA (~50122%0)
5315 NI 65 SO XA

Use variational lower bound

..................................

E .
v Q(xtlxt 1) /’
~

Denoising Diffusion Probabilistic Models, 2020.



GPT (Generative Pre-Training) & J&H %

A
GPT-1
GPT-2
GPT-3
GPT-3.5

A
2018
2019
2020
2022

ZH &
11z
1512
175012
175012

A EIT
5GB
40GB
45TB
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ChatGPT £ - [W 454U

45 TB N H R85 209
@Alﬁﬂ'ZTl71n =] ) B 7]
RAFHEN CRAIT)
— 60%3k B C4 (A.HKM)
— 22% 3k HF WebText2
— 16% 3¢ H T Books

— 3% >k H T Wikipedi
BENEHE BFH23£50)




ChatGPT (4% - N28 i

+ ITREIFBTHERRAS, HAR

[B] B AT A T B Bl A 1 2k

. 84%  ni:Helpful honest harmiess,

w alignment objective to beu

More truthful

. NIRRT, I 7 InstructGPT  5go,
%ﬁﬂﬁ%ﬂg‘% Ij\]?ﬁi: 1.5 years Less hallucinative

X l, » More knowledge
= 5 ’ i% \J '[,ﬁ To June 2021 1'9x
M A ;
21 Larger context window
(from 2,048 to 4,000 tokens)

« BETIT0, RmRIEIRIEE

I00A , Wl HER. AR
BRHE R
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Q:ApythonE—MREHEF

# HEHER
def quick sort(array):
if len(array) < 2:
return array
else:
pivot = array[0]
less = [i for i in array[1:] if i <= pivot]
greater = [i foriin array[1:] if i > pivot]
return quick sort(less) + [pivot] + quick sort(greater)




XA debug

Q:how to correct the code a[1,2,3,4,5] print(a[5])
A:

The code should be changed to print(a[4]) since the index of
the last element in the list is 4.
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Q:ZZR3 15 APlease revise. He go to work early everyday.
A:

He goes to work early every day.
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e

U FE— X FZAERMChatGPTE RIS, Hixs®:

1. "M-MIMIC: Multimodal Med|cal Information Generation with Iterative Refinement
and Context Fusion" (2022) Hy Yifan Zhang et al. https://arxiv.org/abs/2201.01553

2. "Multimodal Language Genegration with Recurrent Variational Autoencoders”
(2021) by Xinyu Zhang et al. pttps://arxiv.org/abs/2106.07228

3. "Multi-Modal Conversationa| Al with Dense Generative Transformer Networks"
(2021) by Sumanth Dathathr] et al. https://arxiv.org/abs/2103.03229

4. "MELD: A Multimodal Multi-Party Dataset for Emotion Recognition in
Conversations" (2019) by SOIIIjanya Poria et al. https://arxiv.org/abs/1810.02508

XECIHRT T ZARSHIChatGPTEASHIN A, WARIRIBERR 7% TusAYRRRF Pk,
FHRH T —LEUFMERIT AR R, BRI ISaRTRE)!
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A,k MY, 4 *
0B NO/J\%ﬁ%@SF‘iQﬁQSSﬁ ' * Training Verifiers to Solve Math Word Problems, 2021
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