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Hes8E (Machine Translation) X F#REzIENIE (Automated Translation) , EFAEITEIE
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Hello there.
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Have you learned machine translation?
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How are you? — &2 ZAR?

How old are you? — & & % #14R?
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EELAIE. BMA—NRESOFE, REL I’m going to the park.  — &KEBEXNFE,
XA FESEHIEFRIRES A FHTIURR, %
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LS IR ANRYIESL

I’m going to the school. — HKZEXEF K,

exploit HYEA1E

#a P40
MF use, utilize, take advantage of, make use of, exploit ===
FF%& develop, exploit, open up mmw
- FitHEEEE: e -
FFE  mine, exploit, extract ==
A Iz A Y A Y - A A
jgéﬂ%l%ﬂ*%*@@*;@ I} }‘Aﬁﬁﬁﬂﬁgﬂl\Jl%jEPlﬁ?:% W apply, use, employ, utilize, make use of, exploit -
* EE%H%kH@i%XE 1 4%’%33'1%'\'5_]@&?%%?%%[@@0 FER  exploit -
SEETE. BiE. 9% =aEhE. &9
fB:l  exploit, great undertaking -

7 merit, achievement, meritorious service, exploit, accomplishment, result ]
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o 2N 2EEIE (NMT, Neural Machine Translation) :
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1. BEAR. JEFEFHRSNAR SR A EERE,

e.g. No cross, no crown. mEEEF: A TFR, BA XL
ATdig: REHRA, &Y,

2. ENEFELRNXES, HlasalFEELYBIER MEERNESEY

eg. +&57, RELKRT. M EiF: It’s 10 o’clock, I remembered.
ATL#F: It’s 10 o’clock, I want to wake up.

3. EIIEKMAN S ZHIER. REIFAR,



b

[©]

(=]

-l

(=]

=

T

Q

w

-

w

(=]

w

B 5
2

Y £
o

Ao3 2
g

Z

d S
.
o

B Y- {H
ns 14 »%,.,.
,,.v‘ mm;,._.w,..




iﬁ Itz k¥ |

IIIIIIIIIIIIIIIIIIIIIIIIIIII

) waznsms

NEEEFNEEMNRRITERSEN, B&E RO AR

% = B JEB I ERE



B =FRNNpoH SRS

E— R ETF
RNNgt=EEY

FH Sutskever®& A F2014
FiRdH, B—MWAERE
RNNRZE, HEMEEIER
3l e IR RS
BRFER,

D)

SINFEE DS

B]HEEZY R F
(GNMT) 2R AT &80 E
FEN—PTWRIER, 7
WAERE T RNNEHZA
AR e Ry — 1 EREE,

D>

T LKY

BEIJING INSTITUTE OF TECHNOLOGY

3B
0
{ 3
E # I
ey
TUTL o

S5EMREEES

ShazeerZFE AF20174
IBH, BGNMTEZ &
FIEBMoEHE, FHE
BT ERIBGNMTIEEY
M REEIFRIIREY,



‘ssf, tFELKE |

EIJING INSTITUTE OF TECHNOLOGY

Y 2FcNNminsEmTmm

ERMNMEBACNNAJEEY =2EFCNNAEEY BHIRIFRIIREY

B Kalchbrenner & A F B Kaiserg& A F2016F 18 H Gehring & A F

2013 8RY, FRT7T— >> H, B MM 7T Extended >> 2016, FEE
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GRU +Attention #& & #8 {11 BRI MRS

RYTERE



iﬁ Itz k¥ |

IIIIIIIIIIIIIIIIIIIIIIIIIIII

’ ConvS2S & Transformer

ConvS2S

Convolutional Sequence
to Sequence, HGehring
FARE, B—#ETFTCNN
S5EEDUEIHE SR8 5

FRA

Transformer

HVaswaniFARH, BS5E
ZHIRNN/CNNRERE, €l
FNERTYT —MZEB TR
RENERBESHNGIE
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7 Transformer

Output
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Add & Norm
Feed
Forward
g ™~ Add & Norm
_ :
Add & Norm Mult-Head
Feed Attention
Forward T 7 ) Nx
——
N Add & Norm
¢—>| Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
At 1
- \_ )
Positional A ¢ Positional
Encoding 1 Encoding
Input Output
Embedding Embedding
Inputs Outputs

(shifted right)
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’ TransformerfiiZN8

PE(;ms,Q;) — si‘n(pus/1()()()()'3""1111\&1)
PE s 2i+1) = cos(pos/10000% / Amode )

(pos.2i+1)

EHERFRRARAGAF RO NTRE AR, IEUE— K
51200178, BBABN MRTIATHRE— 1 nx51 269565,

FERATVHITAERIE, HhposUERERRAIE, iR 4EE, dmodel
SiRmE4EHEE,
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Embedding X1 B X;
Queries q: Q2
Keys S ‘ k2 [}
Values Vi o =] Vv =]E

LAn=279f1, RS NERIEER, 1aREDBIZEX1HIx2,

self-attention FEFHS1@FEFRUA=MIZEZIR. EEHERAIER”ZWC,
wEFIWY 2 5I1SZEIQuery. KeyiFIIIVaIue:/l\r'];-a_o
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'_T_| . QK™
MatMul Attention(Q,K,V) = softmax 14
y
| SoftMax |
t

Mask (opt.) MultiHead(Q,K,V) = Concat(headq, "+, head, )W ?°
head; = Attention(Q WiQ, Kwf,vw

Scale

MatMul
f 1~ FFEN(x) = max(0,xW; + b;) W, + b,
K

Q V
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Multi-Head Attention

The_
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Linear didn_
1 i
Concat t_
'Yy Cross
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Scaled Dot-Product street_
Attention u& " because
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/ TransformeriZ 278 3. (R IinEE

) - ( e )
(:, 0( . Add & Normalize = )\ C L.:car )
: E ( Feed Forward ) ( Feed Forward ) S L ,
. : R ECODER #.
Lo Add & Normalize ) 2 :
K [} 3 . '.’( Add & Normalize )
. ; : &) + 4
(e )| 8l G (rostroman)
/.( Add & Normalize )\ > Add & Normalize )
X ) §
E ( Feed Forward ) C Feed Forward ) """"" b( Encoder-Decoder Attention )
‘vescccccefecccanccncnncnacnas ¢ | | Ser=eee.. | R R L3
0( Add & Normalze ) 0( Add & Normalize )
4 4 4 4
( Self-Auention ) ' ( Seif-Attention )
O e S AT R e e e e
"ot @ ® <I> é
v TSRS x; ]
Thinking Machings

iz S i#He 23
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4 4
0( Add & Normalize )
4 4
( Feed Forward ) ( Feed Forward )
............................ }
. »( Add & Normalize )
. » 4
':’( Encoder-Decoder Attention )
PN Ry oy Jecccccccenncnccccss P
‘.p( Add & Normalize )
' 4 4
E ( Self-Attention )
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EEERmBTNER, 235 EEXNEIBAHSEEIRNRERITIREZ AKX
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’ ImageNet

2010 E—f&@
o ¢ 9 9 9 o 9
= g
2009 HitBIE & 2012 AlexNet 2014 GooglLeNet 2017 IEZUEER
ImageNet
ImageNetfYsa#:

(1) ImageNetEREZEIXERRIKEHRNE
(2) ImageNetBYEINIERR Y, TEREZIMA, FUBENREESFEE,; ‘
(3) ImageNetEIFBEIFEFBEEEMLRE, AR T "Tllg+HE" #5E=.
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’ Word2Vec(2013)
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ELMotR B~ = E

Encoder b= Attention | Decoder
Embedding

Embedding [«q4 ELMO

Source: { ELMO-based low-resource neural machine translation )
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HTELMoHfYseq2seqiEfy
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O:a BamE @A
BERT |

Masked Sentence A Masked Sentence B

*
Unlabeled Sentence A and B Pair

Pre-training

Start/End Spam

Question Paragraph
*
Question Answer Pair

Fine-Tuning

I BERTZ5I{ZEY: BERT(2019)

L X

=
B

L=

encoder
layer

Add & Norm

_--"-'.-_P'_--“--_

Atte

BERT-Enc

ntion

-

5!

) LT L k¥

BEIJING INSTITUTE OF TECHNOLOGY

decoder
layer

Add & Norm

1
Feed
Forward

 Sp——

Add & Norm

e Tmme

BERT-Dec
Attention

Enc-Dec
Attention

L

E

Tt Ty

BERT

Add & Norm

|
Self
Altention

BERT-FUSED MODEL

Source: { INCORPORATING BERT INTO NEURAL MACHINE TRANSLATION )
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B BT AR ARIABEZFRIER, Htl=m8FE (NMT) 2X—HIERISH
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FEXRMERSARBEIENERE, NMEES 7 EUEIF BENEER,
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RFIESHREE. BRiREWNER —™M BN 4 EHE X /NNTTIE.
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I Seq2SeqEiFiEEY & nimaxy

Encoder(nn.Module):
__init (self, hidden size, embedding, n layers=1, dropout=8):
super(Encoder, self). init ()
self.hidden size = hidden size
self.embedding = embedding
self.n_layers = n_layers

self.gru = nn.GRU(hidden size, hidden size, int(n layers),
dropout=(@ if n_layers==1 else dropout), bidirectional=

Decoder({nn.Module):
__init_ (self, embedding, hidden size, output size, n_layers=1, dropout=0.1):
super(Decoder, self). init ()

self.hidden size = hidden_size
self.output size = output size
self.n _layers = n_layers
self.dropout = dropout

self.embedding = embedding

self.embedding_dropout = nn.Dropout(dropout)

self.linear = nn.Linear(hidden_size+1, hidden_ size)

self.gru = nn.GRU(hidden size, hidden size, int(n_layers), dropout=(® if n_layers==1 else dropout), bidirectional=
self.concat = nn.Linear(hidden size * 2, hidden size)

self.out = nn.Linear(hidden size, output size)

self.attn = Attention(hidden size)




I TransformerEhiZiany

Qutput
Probabilities

g ! )
Add & Norm
Feed
Forward
r 2
_ :
o e Multi-Head
Feed Attention
Forward ) J) Nx
L
Nix | Add & Norm z
Add & Norm Vasked
Multi-Head Multi-Head
Attention Attention
LY J) At 4
> . —
Posniolnal @_@ @ Positional
Encoding 1 Encoding
Input Output
Embedding Embedding
Inputs Qutputs

(shifted right)

Scaled Dot-Product Attention

MatMul
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Multi-Head Attention

Linear

!

Scaled Dot-Product J& "

Attention N
I [ [
[ Un;@[ Ljnear].][ Linear],]
- 7 7
V K Q
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I TransformerEhiZiany

make model(src_vocab, tgt vocab, N=6, d model=512, d ff=2048, h=8, dropout=0.1):
c = copy.deepcopy

attn = MultiHeadedAttention(h, d model).to(DEVICE)
+ = PositionwiseFeedForward(d model, d ff, dropout).to(DEVICE)

position = PositionalEncoding(d model, dropout).to(DEVICE)

model = Transformer(
Layer(d _model, c(attn), c(ff), dropout).to(DEVICE), N).to(DEVICE),
Layer(d_model, c(attn), c(attn), c(ff), dropout).to(DEVICE), N).to(DEVICE),
nn.Sequential (Embeddings(d model, src_vocab).to(DEVICE), c(position)),
nn.Sequential (Embeddings(d model, tgt vocab).to(DEVICE), c(position)),
Generator(d _model, tgt vocab)).to(DEVICE)
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