SLARESS (Deep Learning)

5095 = OE

BX # F

//> Z3] w puthon = Jupyter

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn 1/27




SEHREY3Y (Deep Learning

THE LAST|KMNICHT



SERIRESS (Deep Learning)

\ ® Transformer B9Z2t980A
‘\ ® Transformer BJfEiR
I, S % © Transformer iIGHIIA
T
- R/

http://DeepLearning.ouxinyu.cn



SERIRESS (Deep Learning)

Output
Probabilities

TransformerfJZ2f9#EhA

Add & Norm
Feed
Forward

Add & Norm

BN Mult-Head
Feed Attention
Forward Nx
N | Add & Norm
Add & Norm Ve
Multi-Head Multi-Head
Attention Attention
it it
] J —_—
Positional A Positional
Encodin: D 5% i
ing Encoding
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Ahish Vaswani, Noam Shazeer, Niki Parmar, et.al. Attention is all you need. NIPS2017.

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SEHFEESS (Deep Learning

[R5 Seq2Seq ] A L
Chinese 37~ IS AN
t |
FTFX
S
I____L9 Encoder
RhgES 1
Al NS
FTFXBEXER
E I Th jzzl: Basis:
nas - BERT
RPN ENFR o K% ¥ embedding & 8!

Basis:
« ERLLMsHREY
« GPT. Claude. Xi11>Zf

HhaERtREd

NN

1

TR

Decoder

l
LRSI

http://DeepLearning.ouxinyu.cn Transformer

BX#FTE | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJ22t3ifi%
e el

Transformer

Bag-of-
Words

DistilBERT

I

I

I

:

: GPT ? Flan-T5

I I J I A great man

2000 2q13 2017 2018 20119 2020 12021 2022 F323

]

GPT-2
ROBRTA 5 . iEmoseiEs N non-transformer {55!
oo Foch R

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJZ2fafEA
Transformer 2239 =414

Transformer Block 1
TranSfor':ner Transformer Block 2

PRI

N S

1IE51R8sL (LM Head)

NG| | saw a saw.

Prompt | {SHBERA G FBERFL.

ceneraton | 1A REEEIN

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJZ2t5#hLHA

Transformer LLM

http://DeepLearning.ouxinyu.cn

Transformer 2239 =404

/

S

Transformer

o Token EiC&
Token ID Token
0 a
| b
50,600 Transformer i
'
y Token 8%\ W,
O o
1
50,000

BX#h= | ouxinyu@alumni.hust.edu.cn




SLARESS (Deep Learning)

TransformerfJZ2fafEA
Transformer 2239 =404

Transformer LLM

Transformer Block 1
TranSformer Transformer Block 2

PRI

\\ /,-

IBES1E8EL (LM Head)

http://DeepLearning.ouxinyu.cn

%

Token ID Token

Token probability

0 a - 0.3%
1389 £57 - 43%
22492 = 32%
50,000  Transformer = 2.4%

Transformer BX#h= | ouxinyu@alumni.hust.edu.cn




SLARESS (Deep Learning)

TransformerfJZE35LHA
Transformer 2239 =404

| saw a saw.
B HIEX N FEIEAP .

o
21a88 (Tokenizer)

Transformer LLM n ________________ a _______________ . m%aaaa’.‘m

Cached calculation

http://DeepLearning.ouxinyu.cn



SERIRESS (Deep Learning)

Output
Probabilities

Transformer BYfEIR

Add & Norm
Feed
Forward

Add & Norm

Add & Norm Multi-Heao
Feed Attention
Forward Nx
N | Add & Norm
Add & Norm Ve
Multi-Head Multi-Head
Attention Attention
it it
] J —_—
Positional A Positional
Encodin D 5% i
Ing Encoding
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

Ahish Vaswani, Noam Shazeer, Niki Parmar, et.al. Attention is all you need. NIPS2017.

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfyZ23fihA
HT IHiEas -

Transformer LR

Output
Probabilities

| Softmax )

|  Linear )

([ Add &. Norm ]ﬂ\
N Feed
- L o U e b St Forward
~—>{ Add & Norm ) : : —
Feed (Add & Norm J~
Forward | 5 Multi-Head
4 1 1 A i
L L___1\____1\____?____1\____1\___| - tte}nhon} N
Nx || (AT Norm ) | . fEhgs8 (Decoder) — =
Multi-Head - . Norm ]‘ﬁ
Attention Auto-Regressive (AT) Masked
T 45822 (Encoder) " Atention
- ” )
< S >_(_9 \_ —

Vi Positional
e Ermtoadln G Encoding
éﬁﬁg . Output

Embedding
Inputs T
Outputs

(shifted right)

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJt=iR

Output

ZLiF= i
o BLEEN: WFF—E query, key, value, BITSELNEIRIT/THE =

Feed

FEAERYEHE. BIEEXR (8F) MIKIEEXRR (%) . . ,

N
FC w Multi-Head J
Feed Attention
[ — ( 1 , 1 , 1 ) ,T\ x Forward T T T Nx
' . ~—
> Concation D — N (CAdd & Norm i
(_>l AAA 2 Nlarm | Mas'ked
g ——crme—
/t\ Multi-Head Multi-Head

B - 5 Attenti Attenti
Attention,,, | {Attentlonm,z] ------ [Attentlonm,i] —| |/
x C— J \_ —,
« T Positional D Positional
Encoding S% Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)

o EZLEEIRIHL

BX#h= | ouxinyu@alumni.hust.edu.cn

http.//DeepLearnlng.ouxmyu.cn Transformer



Nx
Positional
Encoding

( )
) =
Ro E Elle e o <
s E S|l- 2] [I2]| 8 & 3856 55| 292
a3 ZlI3 sl Uzl = 9% E oe] P
O I = < | = le— O T
5 ®© sflo = & oL D5 o £73
o ol|*- 2| [=l|E £ s5% ot o=
<) olf = |2l < = 5 Oz -
a < X < ] o v)
\ — S
?
A d
e
0
€ Ello (o)
S | - e 2 =]
2|z s Nom.mJ ~d53l 2 =<
[ 1
sflo 2 5] | N T Qo o om—
5 =2 £ 0 c c
© 2 kel | EBS S =
2 2[|= T £
=
— ©
T O ®
\_ J c £
(Sl =
N =0 P
@ O
= 85 £
X
=
o
g
]

7

e —
=

N
[/

SFIREZSS

Y3

-
= e
£
=
o
Y=
(2}
c
©
-
-

M L] - - # -‘Il
L ] - O - g e # e,
T*lo.._.._.-.i.._-_.-.._-_.-I_--__.-|-.-.._.-.._-_.-.._.--_..tutn“.._-_.-.._”l‘.._.._i._._..n-.._-_i.._-nﬂ.rd_“mf
L L] L] . L .
L l.-- L1 .-l.--_ . £ -.-.-. X
. "y . ra - g "
™ Pagm 0 ", _ BNy gl s g
- - ™ .-._ L) - st »
- P, e - 1-1—. . -
- . - Ve, W e T . Fl
-t b ", - i T
" * L] - i ' #
p - e n® *y i T
" T gm®f e .-.-I.-. s
- a* . R " "o
st &’ . o L it T "
o " al, = S e "
. Lot s Taw I A # e
.' o L] s ] i F e

..Tﬂ....-._..._..-_..._....._.._..._..-MH-.-_....”.....\:.._..:.._.”MH .

L
- ™~ - L
o " ; e, .
PRl s 7 - & .
T o Pl L . . .,
- . " ¢ (s - - _-_-. ]
(X n'® ¥ ] - " P
o_-.- # ¥R - & L]
- 3 ¢ - - ®
B N T T R )
= # # - - - T
. - -
LT . o = . . o
- - . L] -
my - - - n
- .
" - - - -
g " b 5 P ]
. # - = -
¢ # " & =
i # .y - s
& # ¥ L™ - -
» s B .y - T
¢ M - - L -
& G F L1 . ™
’ - e L & -
P — . % -
* R - e, " [
p— ioa - - - - -
o) e - -_l.-.-. - =
’ - ] - ]
P -
n L o _-_-..-.HH L
=g % _-..-
omm e -

ing.ouxinyu.cn

(Deep Learn

AEF

i
iR
2
-
(<))
=
-
O
[ e
7))
c
©
—
-

//DeepLearn

http



SLARESS (Deep Learning)

TransformerfJ{=in

BRENELTEED

=2

2 — =1 2,
21 ""4; 2.2 23 "@ 24 —’@ 25 *@
A A A A

{

[ softmax

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfiJi&EiR

Out ut
BT (BRI =
[[

Feed

Forward
A

1 I Add & Norm |:

® HFRMILENE
VRN (FHRE) R: (b, h, w, ¢
v iEith (2&EE) BIK: (b, hxwxc) -

Add & HNorm Multi-Head

Attention

g) g) Nx
mﬁ

Masked
Multi-Head
Attention

\_ —

Positional
Encoding

® Transformer ositona

Encoding @&

Output

v IREEEs: BRIAFARA (b, n, d) TiA (bn, d) ain] |t
v fRi9sR: BwHfARE (bn, d) Z[E (b, n, d)
v ENTRMZEOATRI—EEH

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

Transformerf{fEiR

Output
Probabilities

Add & Norm J<=~
\ Feed
A : Forward
I | I
| r . ~ (Add & Norm J<~
' ! L Add & Norm J Multi-Head
1 | T Feed Attention
1 Forward 7 7 Nx
1
T | \_1 _ i;
: Nx 1 | Add & Norm |<\
——
. —*_Add & Norm Masked
: Multi-Head Multi-Head
1 | Attention Attention
1 —_—
. ! L - L
: 1 1‘ o J \_ — )
1
1 | Positional Positional
i 1 D "
| / en | Encoding D g Encoding
1 °
| 2 i’}]{é . : + Input Output
! I Embedding Embedding
\ N o /
TNEEZE . f I
N e - Inputs Outputs

Self-attention

1 f ! !

I 1 |

(shifted right)

http://DeepLearning.ouxinyu.cn

Transformer

BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJt=iR
Tips1: Add & Norm

K41 i1

Layer Norm addition

additionl — —
- S b0, [T 7
> N °oQo C o " © 0 ©
f % Qe 00O AVIPE 1Y, 4V %
__ o] [t&f | BT TR |9 | 3%
[iarer o | Dj\ <+ o—a S o0
Q
o T o o 0
Multi-Head _0O Wi — M — —
Attention Layer Norm
x %
(a) (b)
B PowerNorm: Rethinking Batch normalization
B On Layer Normalization in the Transformer in Transformers
Architecture m A Deeper Look at Power Normalizations

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



https://arxiv.org/pdf/2002.04745


SLARESS (Deep Learning)

Transformerfif=in
(EE{&1E (Cross Attention)

~
([ Add & Norm
Feed

Forward

4 | A | Add & Norm I:

—{AdogNorm ) Multi-Head

lfeed

il

! ! ! Fcarward | Nx
11 ’2 A )
N _| e
(—>| Add & Norm | VB
[ t ro S S Multi-Head Multi-Head
d )TTMaAax C Attention Attention
- A4t 2 At
Attention ... —1— —F—
Positional D @ Positional
) Encoding Encoding
Input Output
Embedding Embedding
3 1 Inputs Outputs
7 (shifted right)

Encoder J

'

K

BX#h= | ouxinyu@alumni.hust.edu.cn

http://DeepLearning.ouxinyu.cn Transformer



SLARESS (Deep Learning)

TransformerfJi&EiR
Tips2: 3XiF=7]

r I N h!
- - 31 6" Decoder Layer] [6"‘ Encoder Layer} ]
[y
Target 1 VO
L ) 5% Decoder LayerJ [5"‘ Encoder Layer
F 3 ¥
'8 Y ' ™ 4 Decoder Layer] [4‘“ Encoder Layer}
t
[ Transformer k L Transformer ] DL Layer] [SmEnwde, Laye,]
Encoder ‘>| Deccder T T
* 1\ * 2ih Decoder Layer] [2"‘ Encoder Layer] "
. ] T L
- \\ ] 1" Decoder Layer] [1‘" Encoder Layer}
. L]
* \ b \ * \ J L 1 J \ J
A
Transformer \ Transformer Source
Encoder A Decoder (a) Granularity Consistent Attention (b) Granularity Parallel Attention
F N —
Transformer Transformer
\. 1 J . / ) f ' 1 ( ] )
[6"" Encoder Layer 6" Decoder LayerJ [6"’ Encoder Layer
f ) ) , T )
SOI..I rce [5‘” Encoder Layer | 5" Decoder Layer] [5"‘ Encoder Layer 5" Decoder Layer
’ [ t [
H 4 Encoder Layer [y el 4v Decoder Layer 4™ Encoder Layer 4" Decoder Layer
(a) Conventional Transformer { —— R — )| (L "
[3"‘ Encoder Layer 3" Decoder Layer] 3" Encoder Layer 3" Decoder Layer
L] L] ] * * ’
. R e t h I n k I n g a n d I m p r O V I n g N a t u r a I [2"" Enco:er Layer [& 2n Decuier Layer] 2 Enco:er Layer 2" Decoder Layer
L G 1 1 h L - W 1 [1"‘Encoder Layer [ 1" Decoder Layer] [1‘" Encoder Layer 1™ Decoder Layer
anguage Generation with Layer-Wise | ,

. J T ) ¢
Multi-View Decoding

(c) Fine-Grained Attention (d) Full Matching Attention (e) Adaptive Matching Attention

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

TransformerfJt=iR
Tips3: BEl)3f#E:5F1ER Bl Zr8=S

# X ® & [E END itEE'.—iE%E?END
giuUeeQ JOUREBRLE
I N A | (I Y N A N |
NAT Decoder
[ i i

http://DeepLearning.ouxinyu.cn



SERIRESS (Deep Learning)

Transformer B)ISF050:0

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

Transformer B93)I|E&F0550:01

il &k

Ground Truth

== 0

0 N

B | 0 e TR

1% 1 == 0.06

X0 Bk 1 BTN oy

T 1 R 001
_______________________________________________________ 5 0.73
l l D l l i ------------ > K 02

Tt
471522 (Encoder)

Label: XA E BEGIN

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn 23/27



SLARESS (Deep Learning)

Transformer B93)I|E&F0550:01

il &k

llUllﬂ

l lﬂﬂﬁ*'ﬂ%ﬁ' I

ARARE

471522 (Encoder)

Hr

Label: £XHIFE

fi#f322 (Decoder)

http://DeepLearning.ouxinyu.cn



SLARESS (Deep Learning)

Transformer B5)I|&5F0F0:01

Y

o FIil: Byt NMTWE(ES key F1 value, 5B t MRUHEIE/I query
e Hi¥ & 73: key, value, query &3&iEF Decoder
® XNiFEN: key # value 3jETF Encoder, query EJ&F Decoder

l l D l l keys, values

tttt

#7f5352 (Encoder)

+

i858 (Decoder)

Cross attention
masked self-attention

query

keys, values uery

BEGIN 1 2 t t+1

http://DeepLearning.ouxinyu.cn Transformer BX#h= | ouxinyu@alumni.hust.edu.cn



SCHRESS (Deep Learning

® Transformer 2— TR0 fwhiS=s-fEA9sS 128
™ transformer tR¥9pk, FEL

o R3S A f#E9ER #iMS

fh ZXLEEED. BF/ERIFIRMNE. EIT—/Ak

® HIS=E(EH self-attention HHIEEBIKH; RFERIRFE

masked self-attention EREikERFKE=EE, HSLIARFE

HI{EERIFREN

® RIDERFIfERDER B

cross-attention HITERE

® Positional Encoding EIEBEANRNLIVEENTUEEFER

S ZEIE— token FR ARIZH,

Output
Probabilities

[ Softmax |
Linear
~N

s
Add & Norm
Feed
Forward
< | ~\ I Add & Norm Iﬂ
AdciaNomm Multi-Head
Feed Attention
Forward 7 7 Nx
_— =
Nix Add & Norm _J<~
(—>| Add & Norm | Vasked
Multi-Head Multi-Head
Attention Attention
o J \_ — )
Positional Positional
Encodi ? ¢ '
ncoding Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)

http://DeepLearning.ouxinyu.cn

Transformer

BX#FTE | ouxinyu@alumni.hust.edu.cn



BREIFRYBXR TV

~Na Y
-3 = l?‘.'

1ThER RARFIIESE

QQ: 14777591 (515

Email: ouxinyu@alumni.hust.¢

X
L

Website: http://ouxinyu.cn
Tel: 18687840023 2
Hihit: R iimtE201 SR

Paf EHER i S

o

http://DeepLearning.ouxinyu.cn \ e Transformer ; @alumni.hust.edu.cn 27/27



