FHS5E ML Wik

Pl #% (Machine Translation), PR 8 B 3 #5248 F B HLE —Fh AR S
(BTN D —MARES (ARiE SO Md R, ERITRESHH -2 2AT
BRER AN AR 2 — B AR AW E . R, B 28 T 42 BRAl DL R B 15 R ) T e
K HLas B AE A BOIR L2 0T SO S T AE T TR VR L H g

PLER B BRI R e — H SR LR R R OB F A AR R B AE . R
S0 0 ) S DE S 30 G M 25 5 e SO TR MU IR F L P B T TR R B e T P R
Bt S AL BE 0 B 4R TR 22 38 5 05 B A AR I S I PIL AR B BOR TE AR B W E R P
B VA6 Jhg 330 T 48 3L 52 (o ) P S

A B FRATT R 2227 o T R AR R BE B APT SR S8 WA IR Y HIL &% B0 A 55

LB+ ETHFINEFIRE R P-RIF8EF

BLAS B P2 LAY seq2seq T () R, RIS 30 380 75 270 A 300 ) A850 . 4% AL F 370 B5 5
Gh—AE s F 5, T IR AR AR 20 e A R B ) 25, 3 RO S0 Ta) R g RO R
many-to-many J 41 U ) 3 ,

XF seq2seq T [a) A5 A 4T AR A — > E R B A R HE O 5 0 4 BE S8 T RR R AR AR AL
— P B IE B BE S U IR seq2seq TN W) f8LAY T B2 85 A% O Encoder-Decoder, 11K ZR 45 #4061
FEWI 41 . Encoder F T 132 HUR AT 51 I8 JH 4 05 Bl — 1> [ 5 4 B2 19 1) £t Decoder H T f#
T2 [ 5 B2 1% ) 5 O o S0 ) %7

UnlE 5.1 PR S Y B RNN R 25 5 ik AP 514 A B C <EOS> (EOS = End of
Sentence, A ARBRIC) 7, I it — A ) B AE S Hi AT 90 B9 TR SCEROR 10 i 2 RS B B
RNN 28 75 B — AW 0] 20 047 B P45 1 Ff b, e AR IR W XY Z <EOS >7, ik FE ik
SEEL TR R A AR

W X Y Z <eos>

N N N o N = S S N B S

!

A B

O —=

<go> W X Y V4

5.1 Encoder-Decoder
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TEZ 2] T Encoder-Decoder BYZEH) 22 J& » A1 mt vl LI FH QA IR B 2 > - JRUHE 20 52 pl 3
T 50 3] 5 455 R 1 rh - ML 2 B

1 P SRR

AR SE B http: //www. manythings. org/anki/42 L) 24 697 > Fr-32 XUE A T
YR R Bl 4

F T O B T e, A B A B RS ) X SCA SO emn. txt

'wget —c https://www.nmanythings. org/anki/cmn - eng. zip && unzip cmn— eng. zip

FEATHEAT B B WU 4] F X FEAT 40T AL B, I H R MR Python MYEHE 458 . OXF T
ST IR B Ry /NS O R B S S L] s @ TR ST A A A i), R IR AT )
gy @R T 5 5 SRR I o R T3 gk R A R R R EOR BR LA 4 e S B ] AR
Ik A O 3L A BT N 5746 A a) T BN BB 4R

AR K E AR B 10 A R s 1 A
MAX_LEN = 10

lines = open('cmn. txt', encoding = 'utf-8').read().strip().split('\n")
XTI, FR B SR E HeE AR

words re = re.compile(r'\w+ ')

pairs = []

for 1 in lines:
en_sent, cn_sent, _ = 1l.split('\t')
pairs. append( (words_re.findall(en sent. lower()), list(cn sent)))
£ O TN, A 1 — BN R R
filtered pairs = []
for x in pairs:
if len(x[0]) < MAX LEN and len(x[1]) < MAX_LEN and \
x[0][0] in ('i', 'you', 'he', 'she', 'we', 'they'):
filtered pairs. append(x)
print(len(filtered pairs))
for x in filtered pairs[:3]: print(x)

5746
(['i', 'won'l, ['F', "', 'T, '- ']
(["he', 'ran'l, ['"fb, *#', *T', . '1)

([lil, lquitl]’ [l;fkl' |j§v, 'H:II', LR l])

FETDRIRAT 20 B b 3 SO 1) % 3K TR 49 ) R Bl T B ) BT ARl 3R ID 2 [R) B A
HRAR AR T M AT A REBR AR “< pad >V, T 0 B R A E AT BT 5T
“< bos >”,“begin of sentence”, F/nA]F IR BIFRETRI]; “<eos>",“end of sentence”, F /R

S5 R A

=3 S ShiE

en vocab = {}

# Wik

cn_vocab = {}
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£ dE SCiR A B A = AR E 45 - < pad >, < bos >, < eos >
en_vocab[ '< pad>'], en vocab[ '< bos>'], en vocab[ '<eos>'] = 0,
0

cn_vocab[ '< pad>'], cn_vocab[ '< bos>'], cn_vocab[ '<eos>'] =

en_idx, cn_idx = 3, 3
for en, cn in filtered_pairs:
for w in en:
if w not in en_vocab:
en vocab[w] = en idx
en_idx += 1
for w in cn:
if w not in cn_vocab:
cn_vocab[w] = cn_idx

cn_idx += 1

HR A 4 3 9 1) 2 L FRATT A A — 03 52 B ] TN ZR B9 1T NumPy 20 2000 8030 48 L 78 % 808 42
tr. DA B AR < pad >HY I FE S BT BE AR R 19 4] ;. @R TR scm F GRIETD . R
Tk B A B ROR L BT AT T B s O TR Y padded_cn_label sents J& Il 4k
b AR B 0 E AR B 5T R 2D 2 T Y EE
[]

[]
padded cn label sents

padded en sents

padded_cn_sents

[]
for en, cn in filtered_pairs:
= G fit A o B A BT R SCOR NS R AF, O A B E K
padded en sent = en + ['<eos>'] + ['<pad>'] * (MAX LEN — len(en))
= WEIRIRE
padded _en sent. reverse()
£ RIS AT B TR IR AT SR N — A A
padded cn sent = ['<bos>'] + cn + ['<eos>'] + ['<pad>'] * (MAX LEN - len(cn))
A e v A L JC TS INOT AR A S, A LA g O =
padded cn label sent = cn + ['<eos>'] + ['<pad>'] * (MAX LEN - len(cn) + 1)
R R RN E R /IR TR )
padded_en sents. append([en vocab[w] for w in padded en sent])
padded cn_sents. append([cn vocab[w] for w in padded cn sent])

padded cn label sents.append([cn_vocab[w] for w in padded cn label sent])

train en sents = np.array(padded en_ sents)
train _cn_sents = np.array(padded cn sents)

train cn label sents = np.array(padded cn_label sents)

print(train_en sents. shape)
print(train cn sents. shape)

print(train cn label sents. shape)

(5746, 11)
(5746, 12)
(5746, 12)
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% 2. Encoder-Decoder 574l B
FATHE S A — 4 Encoder-Decoder 4244 14 155 U Sk 58 iU ML #% B PR AT 55 . B e i — ot
WAL 28 25 R R S B S8

embedding size = 128
hidden_size = 256

num_encoder_lstm_layers = 1

en vocab size = len(list(en vocab))
cn_vocab size = len(list(cn vocab))
epochs = 20

batch size = 16

(1) Encoder #8473

1E Encoder ¥, RATIERS B F 45X 0 9 Embedding 2 J5 # # LSTM, #4 & — 4> X% JE i
FIHATRAS ML, BT LSTM Z 4k, €M RNN R 624t T SimpleRNN, GRU 4
APL FATIE AT L A 15 RNN, XA RNN, £ )2 RNN 5254, W i, i n] DU o % 8
dropout Z¥04 £ 2 RNN i H 8] 2 4T dropout 4b B, B 1k it #l 4 .

Bk T 50 2 e 810 RNN 4 2 40 38 7T L3l 3 SimpleRNN, GRUCell, LSTMCell
26 APT 30 236 M) B b g RNN JFEL, B 2 07 DUl o 4k 7K RNNCellBase SRS2EE H & 1Y
RNN i8I,

class Encoder(paddle. nn. Layer) :
def init (self):
super(Encoder, self). init ()
self.emb = paddle.nn.Embedding(en_vocab size, embedding size,)
self.lstm = paddle.nn.LSTM(input size = embedding size,
hidden_ size = hidden_size,

nun_layers = num_encoder lstm layers)

def forward(self, x):

x = self. emb(x)
x, (_, ) = self.lstm(x)
return x

(2) Decoder 47,

7E Decoder i , T AT LA LSTM 5K 5€ i f#% , 5 Encoder S A [/ (9 J2 , 4~ A &
UV BR — A B[R] 25 (R 1 A A5 i 26 A [R) B[] 25 1) 206 B 485 ) 2 A D1 5008 38 PRS2 1Y

TSR3 SR B — R A i X 1 T 4 5 44, 7T DL o 4T B JF W46 B tensor 75 A [A] 20 BR
f 1) T R F B 4y b, BB S T A RS

£ Ak Nk LSTM ) A — ik

class Decoder(paddle. nn. Layer) :

def init (self):

super (Decoder, self). init ()
self.emb = paddle.nn.Embedding(cn _vocab size, embedding size)
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self.lstm = paddle.nn.LSTM(input size = embedding size + hidden size,

hidden size = hidden size)

= gy i ) St B ] FR) A R A

self.outlinear = paddle.nn.Linear(hidden size, cn_vocab size)

def forward(self, x, previous hidden, previous cell, encoder outputs):
x = self.emb(x)
# 1573 encoder i % & AP 5 #E 4T 4 5 1Y context vector
context vector = paddle. sum(encoder outputs, 1)

context vector = paddle.unsqueeze(context vector, 1)

# ¥ A ) embedding vector Fil context vector #E47HF2, 15 5| Decoder i 4 Fif B Z g A x,

lstm_input = paddle.concat((x, context vector), axis= —1)

£ LSM BTt E R T E F—at 204 RS b, FIRJZRE .o, X P4 tensor [
# JEAR: (number of layers * direction, batch, hidden)
previous_hidden = paddle.transpose(previous_hidden, [1, 0, 2])

previous_cell = paddle.transpose(previous cell, [1, 0, 2])
x, (hidden, cell) = self.lstm(lstm_ input, (previous_hidden, previous_cell))

# ¥ LSTM BA 0 Hi i AY tensor JE AR 5% M . (batch, number of layers % direction, hidden)
hidden = paddle. transpose(hidden, [1, 0, 2])
cell = paddle. transpose(cell, [1, 0, 2])

output = self.outlinear(hidden)
output = paddle. squeeze(output)
return output, (hidden, cell)

AR 3. BRI

PR R IRATTIF A6 BEAT AL A I 25, 7RI Zad B2 vh FRATTR MU T 40 7R 5 . OAFE%READ epoch
TFUR Z i, X I 25 B 3l 2E A7 BEALIT L s @i i 2 A decoder 52 BRL g A5 I 14 418 36 25 44 5
@teacher forcing MG . 745 YA B T] IR, 4 I 2R B4 rb B4 20 5 3l 1 S B0 >4 i B 3] 1 19
A o RHN M 352 T LS fe AR Y b — A B ) A5 i ) 5 SRR D T 2 R A Y
A

£ S G R E A g
encoder = Encoder()
decoder = Decoder()
£ SURALER - RIS U0 Ak 2 5 4% 5 AR A 45 1 S 8K
opt = paddle. optimizer. Adam ( learning rate = 0. 001, parameters = encoder. parameters ( ) +
decoder. parameters())
= JFml gk
for epoch in range(epochs) :
print("epoch:{}". format(epoch))
£ BEHLIT LI R
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perm = np.random. permutation(len(train en_sents))
train _en sents shuffled = train en sents[perm]
train_cn_sents_shuffled = train cn_sents[perm]
train cn_label sents_shuffled = train cn_ label sents[perm]
£ R EIE AR
for iteration in range(train en sents shuffled. shape[0] // batch size):
x data = train en sents shuffled[ (batch size * iteration):(batch size * (iteration+1))]
sent = paddle.to tensor(x data)
# Encoder i 5 £ 77 B B 125 1) & SO F 14 G i R
en _repr = encoder(sent)
A s v DA A
x_cn_data = train_cn_sents_shuffled[(batch_ size % iteration): (batch_size x
(iteration+1))]
£ AR A v AR R R, T R
x _cn_label data = train_cn_ label sents shuffled[ (batch size * iteration): (batch
size * (iteration+1))]
# Decoder i £F 55 — 2 HE AT i W5 I 7 =) th Ak hy, FH ¢, , tensor JEAR A (batch, num layer =
#num_of direction, hidden size)
hidden = paddle.zeros([batch size, 1, hidden size])
cell = paddle.zeros([batch size, 1, hidden size])
loss = paddle.zeros([1])
# Decoder ¥ I 1§ ¥ fift 15
for i in range(MAX LEN + 2):
=N E ST AL NP TR LI E S
cn_word = paddle.to tensor(x cn data[:,i:1+1])
cn_word label = paddle.to tensor(x cn_ label data[:,i])
# A A
logits, (hidden, cell) = decoder(cn word, hidden, cell, en repr)
E IR RIR © 28 ORISR Y 1R 2 S TE
step loss = F.cross_entropy(logits, cn word label)
loss += step_loss
£ O B
loss = loss / (MAX LEN + 2)
if(iteration % 200 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
LR, R T
loss. backward()
opt. step()
opt.clear grad()

BRI AE DI o A b i 0 o0 B A L AT RUA e 2 LA R IR ZR 25 s loss A
Wi P B R A TARRE .

epoch:15

iter 0, loss:[0.657116]
iter 200, loss:[0.71158755]
epoch:16

iter 0, loss:[0.60776967]
iter 200, loss:[0.47258767]
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epoch:17

iter 0, loss:[0.47723645]
iter 200, loss:[0.53901356]
epoch:18

iter 0, loss:[0.44978726]
iter 200, loss:[0.36394048]
epoch:19

iter 0, loss:[0.4093375]
iter 200, loss:[0.41582176]

LR 4. BLAS R f
BRI 2558 U5 » FATERAS B T — 4> RE 05 K 9% SCRH 3 il b SCR BIL A% SRR A . 7 T
TR, AT # T greedy search 36 32 B 1245 AU 52 AL &5 B 5%,

encoder. eval ()

decoder. eval()

# NN BEPLANEL 10 MEA

num_of examples to evaluate = 10

indices = np.random. choice(len(train_ en sents), num_ of examples to evaluate, replace =
False)

x_data = train_en_sents[ indices]

sent = paddle.to tensor(x_data)
& G A R IR

en repr = encoder(sent)

word = np.array(

[[cn_vocab[ '< bos>']]] * num of examples to evaluate
)
word = paddle. to tensor(word)

hidden = paddle.zeros([num of examples to evaluate, 1, hidden size])

cell = paddle.zeros([num_of examples to_evaluate, 1, hidden size])
£ BRI
decoded sent = []

for i in range(MAX LEN + 2):
logits, (hidden, cell) = decoder(word, hidden, cell, en repr)
word = paddle.argmax(logits, axis=1)
decoded_sent. append(word. numpy( ) )

word = paddle.unsqueeze(word, axis= —1)

results = np. stack(decoded sent, axis=1)

for i in range(num_of examples to evaluate):

non

en_input = .join(filtered pairs[indices[1]][0])

nn

ground_truth translate = .join(filtered pairs[indices[1]][1])

model_translate =

for k in results[i]:
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w = list(cn vocab)[k]
if w!= '<pad>'and w != '<eos>':
model_ translate += w
print(en_input)
print("true: {}".format(ground truth translate))
print("pred: {}".format(model translate))

FATHs HARTE 0% 209 (6 MR IR 0300 i 0 235 SR AT X L, DUSRTIE AL 2 8 8 B OR:

she studies english every day
true: MR EE,

pred: R HEE,

i plan to go there

true: WITHELEMHE.

pred: FITHLLH.

i am interested in sports
true: IRITIZENWILE,

pred: HATZETNEILE.

they obeyed orders

true: AR 1 4.

pred: fRfiIUrsE [ mé.

he is tall
true: fth#&.
pred: &

we won the battle
true: IATERFMF 1.
pred: IATRFHEF] T .

LB+t ETESNVGR - 25 80F

FETER AN R IRATT 2 2 T REME R I seq2seq T [A] L Encoder-Decoder 2544, F1i T
Encoder 4 FT A 19 % A ¥ 51 #B 4 15 B — > 48 — 19 1 L ) #& Context vector, 2R J5 F H
Decoder #ATf#RY . X B A5 H4 SEPR B AFAE — AR BT W (9 1) 0. FRATAR ME 25 A B T 5 g ALY
J7 91 5 Ak Ry T8 5 14 o] & T DR AF I A B A R0 ., 0 R BB I = 55 ) 9 RS B2 A 385 L 3
FREE R R R 2 25 N e . BRULZ AN RS 2% 5 2 T 4 s a8 1 e s — A B2 IR 8 5 B
A AL T, B, 5 48 3 Bk 3F Encoder-Decoder %45 #, 5w 8 (9 Y1 A 8 B 5t 2 ) 0
Encoder 3 (4 FIF A Bt 2 IR 25 h, SR Context YK B R il 1) 851, 3 5 /& Attention L .

FATNEAE TP SCRE I, 298 10 3 00 OG0 T 3RAT S 1 (E 78 i 1 &8 4> . Attention HLI
S+ 2500, BOE AT 5 Z B “Machine Learning”-“HlLag 2 3 " XA 7% S F A7 B
PECHLAE I R O 1 B R U E T Machine” SRR 45 [RIRE Y L 78 B2 ) 7 L
RS AT Learning” . X AE 4R ATLE Decoder 3 #F 47 15090 B 58 7T LAAI A Encoder
Uit ) T A6 15 JE, T AS 2 Ji B D e B A8 2 K A B il 2 Context, Il /20 TR B B I £

PLESEXFF Attention ML EDUEE A . 82 TR BATIEA A4 Attention HLHI Y P2
BLNE 5.2 fiR.
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HAEATHE T RNN MW 2% 15 3] Encoder %i () hidden
state: (hyshysshy), R HEHET Decoder % #J hidden state
&5, S RAIT LU Encoder Wi — N AN E 54T
A B IE N e, =a (s, 2Ry H R R B ]
KB e, =Cals, 1shy)sals, 1shy)sva(s, 1shy)),
HoraC ) FRRMAMEZH W I A HAT: e, =s, h. N
WEHF: e, =s,  Wh. N e,=v tanh(W, h+W,s, )%
. SR JG X e, ¥F 47 softmax ¥ AE ¥ H 173 — 1k 15 F
attention B HE R /041 . a, =softmax(e,) , LB N a,; =

exp(e,;)

= o FIH a, % Encoder i (4 & 2 IR 25 HEAT A SR
2 exp(e,) 5.2 Attention #L %
k=1

I H[ A4 B0 AH LAY Context vector: ¢, = > a,h; . HH,FATT LI Decoder 3 F — i %]

i) hidden state: s, = f (s,_1» ¥, > ;', YU KM BN p (v, vy sy x) =
gy, 148,5¢,)0

X LAY G AR 2 15 Encoder 3 £5 A B2 R AT Decoder i >4 i Fet 2 R 1 5%
BCPE B9 AL L 15 3] Attention 4345, A4S B 6T T >4 Fir i 3 007 2 b4 8 22 1Y g AL AL
SR TR AN PR TN A RS R B ESZ A A VA R A T N

il Attention ALHI BT FATITHE 7 HBEFIH Encoder i iz £ B — [n] 1 45 2R 19 FR
il o DT AR 2 ] LU 3 B AT A X TR — A B AR i) A s A R B R AL
RAFBIN KRB UCGE ., A — LU, F AT WS attention A H AR MR AYAE1k , AT LA TE AL 4%
R 1) 245 R RN SC 5 22 ) ) X 1 56 AR A B T B 4 b B A A T AR AL L AN 5. 3 BT,

-
= = .2
£ ég = z A
7] o S « S 2 o]
o @ = 0 0 9 £ o0 o =
= g £ 30 5 S M 2S5 o
FE oS mm<< 2z 3.5 <~ \Y
L
accord

sur

la

zone
économique
européenne
a

été

signé

en

aout

1992

<end>

5.3 Attention A {{£
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Encoder-AttentionDecoder 1574 fic &

HE B SIHLH Y Encoder-Decoder %5 ¥4 5 [ 4h 25 ¥4 A HE A AE Decoder ¥ ) ﬁf%%ﬁﬁj\

B # i = & B ;¢ B

[5%1 1

W5 AT 22 5 7RI L IRATTAL S ) Decoder 3 9 fQRS , 1225 AT L2 25 52 B+ 78 19 N A8 047 58 2 1Y
BL AR B B SE B

84

& SRS —HE, Bk Rk LS [ fi 5 —
class AttentionDecoder(paddle. nn. Layer) :
__init (self):

super (AttentionDecoder, self). init ()

self.emb = paddle.nn.Embedding(cn vocab size, embedding size)

self.lstm = paddle.nn.LSTM(input size = embedding size + hidden size,
hidden_size = hidden_size)

# XEMEHAT W PIE Linear 4 ALY M 45 2k 58 iU B UL i H 5, B kT E AR iE
£ OETERR BRI AR, 7 B F Y T R R BT 2 D A E
self.attention linearl = paddle.nn.Linear(hidden size * 2, hidden size)

self.attention linear2 = paddle.nn.Linear(hidden size, 1)

self.outlinear = paddle.nn.Linear(hidden size, cn_vocab size)

def forward(self, x, previous hidden, previous cell, encoder outputs):

x = self.emb(x)
# 14 Encoder i fIT 45 U2 R 25 1 24 11T B 2] Decoder ¥ B2 RS PF2, 1EA Attention BRIy A
attention_inputs = paddle. concat( (encoder_outputs,
paddle. tile(previous hidden, repeat times=[1, MAX LEN+1, 1])),
axis= -1

)

attention_hidden = self.attention linearl(attention_inputs)
attention hidden = F.tanh(attention_ hidden)
attention logits = self.attention linear2(attention hidden)

attention logits = paddle. squeeze(attention logits)

£ W2 linear W45 1Y% L 1T softnax JH—14k, 15 3| attention AYMEF 310

attention weights = F.softmax(attention logits)

attention weights = paddle. expand as(paddle.unsqueeze(attention weights, —1),
encoder_ outputs)

# ¥ Encoder ¥ & — > i} ZI (1 5 )2 4R 25 36 LU AH X 13 1) attention A
context vector = paddle.multiply(encoder outputs, attention weights)
context vector = paddle. sum(context vector, 1)

context vector = paddle.unsqueeze(context vector, 1)
lstm_input = paddle.concat((x, context vector), axis= —1)

previous hidden = paddle.transpose(previous_hidden, [1, 0, 2])
previous cell = paddle.transpose(previous cell, [1, 0, 2])
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x, (hidden, cell) = self.lstm(lstm input, (previous_hidden, previous cell))

hidden = paddle. transpose(hidden, [1, 0, 2])
cell = paddle. transpose(cell, [1, 0, 2])

output = self.outlinear(hidden)
output = paddle. squeeze(output)
return output, (hidden, cell)

AU 2. BRI

e T ORFATIF UG HEAT BRI 25, LRI i i v SR BT S B oS A RL A S

A G B A S A
encoder = Encoder()
decoder = AttentionDecoder()
= SCARA g - TR0 Ak 2 B 4% A A s 10 S 8K
opt = paddle. optimizer. Adam ( learning rate = 0. 001, parameters
decoder. parameters())
# H R
for epoch in range(epochs) :
print("epoch:{}". format(epoch))
£ BEHLITHEL I ZR B
perm = np.random. permutation(len(train en sents))
train_en sents shuffled = train en sents[perm]
train cn_sents shuffled = train cn sents[perm]
train_cn_label sents shuffled = train cn_label sents[perm]

& R R AR

encoder. parameters () +

for iteration in range(train en sents shuffled. shape[0] // batch size):
x data = train en sents shuffled[ (batch size * iteration):(batch size * (iteration+1))]

sent = paddle.to tensor(x_data)
# Encoder i f5 3| 75 B B 1% 19 38 SCH] - 19 8 R
en _repr = encoder(sent)

= fi T s g SRR g A

x_cn_data = train_cn_sents_shuffled[(batch_size % iteration): (batch_size %

(iteration+1))]

RS AR RS 2, T R R

x_cn label data = train cn_label sents shuffled[ (batch_ size % iteration): (batch_

size * (iteration+1))]

# Decoder ity £ 55 — 25 AT RIS B 75 BRI UG 1L by 1 ¢, tensor JEIR M : (batch, num_layer

num_of_direction, hidden_size)
hidden = paddle.zeros([batch size, 1, hidden size])
cell = paddle. zeros([batch size, 1, hidden size])
loss = paddle.zeros([1])
# AttentionDecoder ¥ H 1 ¥ i 15
for i in range(MAX LEN + 2):
# IR I LB AR A

cn_word = paddle.to tensor(x cn data[:,i:i+1])

cn_word label = paddle.to tensor(x cn label data[:,i])

AR AR Y

logits, (hidden, cell) = decoder(cn word, hidden, cell, en repr)

& TR AR IR O, 22 SURAR G, A Y 3R 2 A TE
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step loss = F.cross_entropy(logits, cn word label)
loss += step loss
# RS R
loss = loss / (MAX _LEN + 2)
if(iteration % 200 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
# A5 R, A6 EE TR
loss. backward()
opt. step()
opt. clear grad()

BEARIE I Zhad B TP Y loss AW FIEIF A B TR, m HERSE 2V B0 F AW E
B SHLH ) encoder-decoder #5254 Y

St 4+ /0. ETF Transformer B - 28 FF

LB B PR A1% ) T Actention HLH L 138 T & 7T LAf# 2k Encoder-Decoder 454
If] & 15 S 1] i Context TCREPRAFE T A S AR R AR, BESR Attention AL 41t A %5, B
ZFRATAIAN AT DA 25 4565 A v i) RNIN F43, HUFI ] Attention Z5 A We 7 3l 42 75 fC82 Hh Y
Self-Attention HL#| LA 2 Transformer Z8#J,

FANTIIR M —A BB F K 5| Y self-attention AL, R FRATTH ZFIF“] arrived at
the bank after crossing the river” X #Ji& , X4 3K {178 #1378 “ bank ™ I, 10 o] 118 & 45 19 & “ 4R
F373 2R WE 7 X IR AR FR R S M IRATHE B river” Z 5 B RE X B #Y “bank”
AR ML R T LAY B R “ Tl 27, HR A RNN W 2% oy, FR 47T 75 22 0 )5 b 24 M “ bank” ]
“river” B FT A FL I, S B ATTAR PR RCE B RNN By 850 11 AR 25 , [A] i ply 7 2R Ak 38 6% 0t ) 4
 RNN W2 2080 LK . Self-Attention WA T Attention LI, AT LLTHE 44 6]
5 AT B 32 0 S A o B bk R, “river” B 4 A5 B
i) Attention score, M| HiX 4& Attention score I LL45 ) — A AL 2 7 14 ) & ] R SR Ak
“bank” i A5 B X — R RE SR 4 s A A B 1 SO R At 9 45 2L

BRI ATIEM A A Self-Attention F 3155 i B, H LA 4%
FaniE 5. 4 FiR .,

¥t F self-attention 2K, Q (Query) ,K (Key) ,V(Value) =4
FERE SR TR — A B RERATEI R Q0 5 K Z IRy sk,
N T BRI K SRR — N RERRE A, e d, —A
Q WK AR, BRI Softmax /K H 45 15 — 1k 4 #E
oA ARG AR LU IE VS BIAE SR Ay 2o . Bk AR AT

Mask(opt.)

PIRIR Ny
-MatMul N on(Q K.V . (QKT)V
ttention ¥ . =soltmax
0 K v /ds
it Doroer ChL AT L G FLte LA, TR T — A B
¥ S. Scaled Dot-Product
Attention % ’ {F)'j( L}% & ﬂ] g @} Tr% - /l\ Wj éﬂ “ Thinking Machines”, /ﬁ\: ':F'
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“Thinking”#J embedding vector [l x, /5, “Machines”#) embedding vector | x, &/,
M IATAE AL B Thinking” X A B3R I, AT 75 23+ 588 7 b i 7 8247 5 B 19 Attention
Score, 3% L ZE 0L TFF 24 Al BRI AR N AR R B query, FA] T BT AT B 0A) (AL 5 i A A B Y key
EVCRC M E Z AR C R B . FRATTH] ¢, AAER“ Thinking” %t i B9 query vector,k, .k,
A3 A “ Thinking” #1“ Machines” %f i B key vector, 8 4 7E 315 “ Thinking” i) attention
score R RFBATHE g, 5 kb, WA, WA 5.5 AT7n, [ FEFE T B “Machines” i) attention
score W ¢, 5 k)b, BIETE,

Input Thinking Machines
Embedding | xi[_ [ [ [ | o[ TT]
Queries qi |:|:|:| 92 D:l:'
Keys ki k[
Values v [ v, [

Score q1 k=112 q1° k=96

5.5 Attention it &

SR G FRATTN A5 3 Y 45 T AT RLBE 45 B softmax JH—14k , 8075 3] 1 Ho At 2648 A % T4
HI L] (1Y attention BER A, AR Y ETHLIE 5 H A & 1) attention score — i K, HA HL
AR5 55 20 i A1 A R A M R AT . SRS FRATTHS X 22 attention score 4 value
vector AH3fE, RIAF B MAL R /R ) i 2, . 40D 5.6 T .

Input Thinking Machines
Embedding [T T [T TT]
Queries q1 D:‘:I 92 D:l:‘
Keys ko kL
Values v [N v, [N
Score q k=112 q1 k=96
Divide by 8(Vdy) 14 12
Softmax 0.88 0.12
Softmax

X v [ v, [
Value

Sum o [ » [T

5.6 Attention it &

87



B # i = & B ;¢ B

AnSKs T A embedding vector A 3 A FEIE L I8 4 BT A 1A query . key Fl value
) a] LA IR M I R s, Hodh W W WY R RLTE I 0l B P TR B T I BB
AR ERAE R AT R AR S A& 5. 7 BN B AR BRI K

D.¢ we 0
T - {H
X wK K
T - -
X wY v
T - {H

o | BB H) oo

i

5.7 Attention it &

DL St J2 self-attention MLl B E LN EE  7E Transformer [ R4 2244 v, Za ith 245 1 fifk i
i BA R T RNN B CNN A5 [ 45 1l 2 58 KT self-attention HLA , F R 45 3R 1 5. 8
Fros .

X B Multi-head Attention SZPr 5t /& £ 4> Self-Attention 25 ¥ i 45 & , #6855 527
IRE B W WE WY BB RGN TR Q KV AR ARl 5.9 TR . B head RESF )
BN TEA R 7 25 [ oy (9 RAE X A9 B A0 A BT 5 9 RORBE T .

%t T Transformer 254 . B Y Encoder #5028 F iR Multi-head Attention E A 37 B
JCHFTHER IR T 58— )2 W 2 i AP 9 ) embedding RoR LIS, KRB —JZH Q. K.V
Bk A T — 2 po%m i .

Decoder %i 1) Self-Attention Fl Encoder ¥ 3 4% 58 42 — 8, 77 22 1 B 1Y — S i i 2 72
J& step by step B4z UL A L BRI B A5 5 91 Hh (9 B A SR 7R i AT B TR ) g I AT LA R
)7 21 1 78 T A TSR 5945 R BT LA IR AT R BEXE H AR 51 A o] AT S A 4R A
B DR G B > 7 PRL3R) B AN 317 5 48 PR 3R] 1945 B i B AR B X1 Decoder % 55 — 20 Y
Masked Multi-head Attention, 2f 2% Multi-Head Attention W ##XE Encoder-Decoder
Attention Layer, & A/EHIFISE B+ -L A 419 Attention HLH /R FARTE
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Add & Norm

EHE HHEWEF

Output
Probabilities

Add & Norm

Forward
Add & Norm

Multi-Head
Attention

Add & Norm

NX
Add & Norm
Masked
Multi-Head Multi-Head
Attention Attention
N—— e —
- J N J
Positional o o Positional
Encoding C :E CE C Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)
5.8 Multi-head Attention
1) This is our 2) We embed 3) Split into 8 heads. 4) Calculate 5) Conc the g = matrices,
input sentence* each word* We multiply X or using the resulting then multiply with weight matrix W" to
R with weight matrices  Q/K/V matrices produce the output of the layer

X

Thinking
Machines

*In all encoders other than #0,

we don’'t need embedding.

We start directly with the output
of the encoder right below this one

R

.C)N

Z,

& 5.9 Multi-head Attention i+ &



B # i = & B ;¢ B

Rt Z Ab , Transformer 4546 b A7 — S A 8 4075, (51) Q52 15 g B L B 22 326 32 R )2 A o
A8 IR LB 1Y) 12 AT DA B 32 )98 S0 e
FEF R FRAT 2= 2T 1 R IR B 2 > FF IR AME L 58 iUJE T Transformer 9 - A1 5 B 15452
B, KRAAEZRSZIL T Transformer AYFEA)ZE , H MW UL H4E W . TransformerEncoderLayer 2§
FE SCT Gt g i 1 — 2 4G 2 kB T )2 KB AALET R M 4% )2 5 TransformerEncoder
K HEE TransformerEncoderLayer JZ, iR [0 48 € JZ S0 B0 4 18£8 ; TransformerDecoderLayer
FE ST RS R i — 2 AR 2 Sk ARSI T2 23k 38 X B )2 BGE AL ET 5 R 4%
FJZ; TransformerDecoder 258#£& TransformerDecoderLayer 2, 1% [0l 48 %€ JZ 50 ) i 15 4% .
FATH I REA R Transformer ZEHEAT T JR I, A B2 52 4 g 0% 38 i 2% ) 5¢ 8 1 AU RS B
— M YE Transformer 45K I 5t # . UIZRAE 4 38 o0 32 # 15 4R o] DL 2 2% S0 R
NEAT LI K AT Transformer 224 F15: T Encoder-Decoder 2244 1) ML #i B 13451 1 7
I G ach B v i i 152 SR 43 W A A [R] 5 DR IR TR AT &5 o A 75 A RN )1 5 1 S 3 A A

0% 1. Transformer 15754 e ¥

A1 13 52 X TransformerEncoder 25 fil TransformerDecoder 283 4 1) PN 51 52 31 3k 57
I PR f# Transformer Wiz 710 2., B OE 2 X MultiHeadAttentionO) ZkFE T2,
LIRS TR JITAE

# ZREBNTFRE
class MultiHeadAttention(Layer) :
Cache = collections. namedtuple("Cache", ["k", "v"])
StaticCache = collections.namedtuple("StaticCache", ["k", "v"])
def init (self, embed dim, num_ heads, dropout=0.,
kdim = None, vdim = None, need weights = False,
weight attr = None, bias attr = None) :
super(MultiHeadAttention, self). init ()
self. embed dim = embed dim
self.kdim = kdim if kdim is not None else embed_dim
self.vdim = vdim if vdim is not None else embed dim
self.num_heads = num_heads
self. dropout = dropout
self. need_weights = need_weights
self. head dim = embed dim // num_heads
assert self.head dim * num_heads == self.embed dim, "embed dim must be divisible by
nun_heads"
self.q proj = Linear(
embed dim, embed dim, weight attr, bias attr = bias_attr)
self.k proj = Linear(
self.kdim, embed dim, weight attr, bias attr = bias attr)
self.v_proj = Linear(
self.vdim, embed dim, weight attr, bias attr = bias attr)
self.out proj = Linear(

embed_dim, embed dim, weight_ attr, bias_attr = bias_attr)

def prepare gkv(self, query, key, value, cache = None) :
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g = self.q proj(query)
g = tensor.reshape(x=q, shape=[0, 0, self.num heads, self.head dim])
g = tensor. transpose(x=gq, perm= [0, 2, 1, 3])
if isinstance(cache, self.StaticCache):
# Decoder ¥iit 5. encoder — decoder attention
k, v = cache.k, cache.v
else:
k, v = self.compute kv(key, value)
if isinstance(cache, self.Cache):
# Decoder ¥} . self — attention
k = tensor.concat([cache.k, k], axis=2)
v = tensor.concat([cache.v, v], axis=2)
cache = self.Cache(k, v)
return (q, k, v) if cache is None else (q, k, v, cache)
def compute kv(self, key, value):
k = self.k proj(key)
= self.v_proj(value)
= tensor.reshape(x =k, shape= [0, 0, self.num heads, self.head dim])
tensor. transpose(x =k, perm=[0, 2, 1, 3])

= tensor.reshape(x=v, shape=[0, 0, self.num heads, self.head dim])

< < &~ A~ <
1}

= tensor. transpose(x=v, perm= [0, 2, 1, 3])

return k, v

def forward(self, query, key = None, value = None, attn mask = None, cache = None) :
key = query if key is None else key
value = query if value is None else value
# a kv
if cache is None:

q, k, v = self. prepare_gkv(query, key, value, cache)

else:

a, k, v, cache = self. prepare gkv(query, key, value, cache)
TR B TS SR F 4 R SR T 2
product = layers.matmul(

x=q, y=k, transpose y= True, alpha = self. head dim*% —0.5)
if attn_mask is not None:
product = product + attn mask
weights = F.softmax(product)
if self. dropout:
weights = F.dropout(
weights,
self. dropout,
training = self. training,
mode = "upscale in train")

out = tensor.matmul (weights, v)

out tensor. transpose(out, perm= [0, 2, 1, 3])

out = tensor.reshape(x = out, shape= [0, 0, out.shape[2] * out.shape[3]])
out = self.out proj(out)

outs = [out]

if self.need_weights:

outs. append(weights)
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if cache is not None:
outs. append(cache)

return out if len(outs) == 1 else tuple(outs)

X Hgt s B T L2k E I HLH 2 A, R il i TransformerEncoderLayer() 45 2

2% Encoder BY%—JZ . 518 Transformer FARH A HES |
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# Encoder ¥i ) — 2
class TransformerEncoderLayer (Layer) :
def init (self, d model, nhead, dim feedforward,
dropout = 0.1, activation= "relu",
attn_dropout = None, act_dropout = None,
normalize_before = False, weight_attr = None,
bias attr = None) :
self. config = locals()
self. config.pop("self")
" ", None) # py3
super (TransformerEncoderLayer, self). _init ()

self. config.pop(" _class

attn_dropout = dropout if attn_dropout is None else attn_ dropout
act_dropout = dropout if act_dropout is None else act_dropout

self.normalize before = normalize before

weight attrs = convert param attr to list(weight attr, 2)

bias attrs = convert param attr to list(bias attr, 2)

self.self attn = MultiHeadAttention( d model, nhead,
dropout = attn dropout, weight attr = weight attrs[0],
bias _attr = bias_attrs[0])

self.linearl = Linear(

d model, dim feedforward, weight attrs[1], bias attr = bias attrs[1])
self.dropout = Dropout(act dropout, mode = "upscale in train")
self.linear2 = Linear(

dim feedforward, d model, weight attrs[1], bias attr = bias attrs[1])
self.norml = LayerNorm(d model)
self.norm2 = LayerNorm(d_model)
self.dropoutl = Dropout(dropout, mode = "upscale in train")
self.dropout2 = Dropout(dropout, mode = "upscale in train")
self.activation = getattr(F, activation)

def forward(self, src, src_mask = None, cache = None) :
residual = src
if self.normalize before:
src = self.norml(src)

if cache is None:

src = self.self attn(src, src, src, src_mask)
else:

src, incremental cache = self.self attn(src, src, src, src_mask, cache)
src = residual + self.dropoutl(src)

if not self.normalize before:
src = self.norml(src)

residual = src
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if self.normalize before:
src = self.norm2(src)
src = self.linear2(self.dropout(self.activation(self.linearl(src))))
src = residual + self.dropout2(src)
if not self.normalize before:
src = self.norm2(src)

return src if cache is None else (src, incremental cache)

TransformerEncoder () 3= Z 2 - 1H A9 54 P 45 2 B B K L A8 i — > 58 8 1) Encoder

45K .

# Encoder ¥ii (1) £ 2 &
class TransformerEncoder(Layer) :

def _

encoder_

def

_init__(self, encoder_layer, num_layers, norm = None):

super (TransformerEncoder, self)._ _init ()

self. layers = LayerList([(encoder layer if i == 0 else type(encoder layer) ( * x

layer. _config)) for i in range(num_layers)])
self.num_layers = num_layers

self.norm = norm

forward(self, src, src_mask = None, cache = None) :
output = src
new _caches = []
for i, mod in enumerate(self. layers):
if cache is None:
output = mod(output, src_mask = src_mask)

else:

output, new cache = mod(output, src_mask = src_mask, cache = cache[1i])

new_caches. append(new_cache)
if self.norm is not None:
output = self.norm(output)
return output if cache is None else (output, new_caches)

TransformerDecoderLayer() #ll TransformerEncoderLayerO/E R ZE1{.,

# Decoder ¥i ) — 2
class TransformerDecoderLayer(Layer) :

def _

_init__(self, d_model, nhead, dim_feedforward,
dropout = 0.1, activation= "relu",
attn_dropout = None, act_dropout = None,
normalize before = False, weight attr = None,
bias attr = None) :

self. config = locals()

self. config. pop("self")

n "

self. config. pop( ', None) # py3

super (TransformerDecoderLayer, self). init ()

__class

attn _dropout = dropout if attn dropout is None else attn dropout
act_dropout = dropout if act_dropout is None else act_dropout
self.normalize before = normalize before

weight attrs = convert param attr to list(weight attr, 3)
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bias attrs = _convert param attr to list(bias_attr, 3)
self.self attn = MultiHeadAttention(d model, nhead,
dropout = attn_dropout, weight attr = weight attrs[0],

bias attr = bias_attrs[0])
self.cross_attn = MultiHeadAttention( d_model, nhead,

dropout = attn dropout, weight attr = weight attrs[1],

bias _attr = bias attrs[1])
self. linearl = Linear(

d model, dim feedforward, weight attrs[2], bias attr = bias attrs[2])
self.dropout = Dropout(act dropout, mode = "upscale in train")
self.linear2 = Linear(

dim feedforward, d model, weight attrs[2], bias attr = bias attrs[2])
self.norml = LayerNorm(d model)
self.norm2 = LayerNorm(d_model)
self.norm3 = LayerNorm(d_model)
self.dropoutl = Dropout(dropout, mode = "upscale in train")
self.dropout2 = Dropout(dropout, mode = "upscale in train")
self.dropout3 = Dropout(dropout, mode = "upscale in train")

self.activation = getattr(F, activation)

def forward(self, tgt, memory, tgt mask = None, memory mask = None, cache = None) :
residual = tgt
if self.normalize before:
tgt = self.norml(tgt)
if cache is None:
tgt = self.self attn(tgt, tgt, tgt, tgt mask, None)
else:
tgt, incremental cache = self.self attn(tgt, tgt, tgt, tgt mask, cache[0])
tgt = residual + self.dropoutl(tgt)
if not self.normalize before:
tgt = self.norml(tgt)
residual = tgt
if self.normalize before:
tgt = self.norm2(tgt)
if cache is None:
tgt = self.cross attn(tgt, memory, memory, memory mask, None)
else:
tgt, static_cache = self.cross _attn(tgt, memory, memory, memory mask, cache[1])
tgt = residual + self.dropout2(tgt)
if not self.normalize before:
tgt = self.norm2(tgt)
residual = tgt
if self.normalize before:
tgt = self.norm3(tgt)
tgt = self.linear2(self.dropout(self.activation(self.linearl(tgt))))
tgt = residual + self.dropout3(tgt)
if not self.normalize before:
tgt = self.norm3(tgt)

return tgt if cache is None else (tgt, (incremental cache, static_cache))
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# Decoder i) £ 2 i &
class TransformerDecoder (Layer) :
def __init (self, decoder layer, num_layers, norm= None) :
super (TransformerDecoder, self). init ()
self. layers = LayerList([(decoder layer if i == 0 else type(decoder layer) ( % *
decoder layer. config)) for i in range(num_ layers)])
self.num_layers = num_layers

self.norm = norm

def forward(self, tgt, memory, tgt mask = None, memory mask = None, cache = None) :
output = tgt
new_caches = []
for i, mod in enumerate(self. layers):
if cache is None:
output = mod(output,
memory,
tgt_mask = tgt_mask,
memory_mask = memory_mask,
cache = None)
else:
output, new cache = mod(output,
memory,
tgt_mask = tgt mask, memory mask = memory mask,
cache = cache[1])

new_caches. append(new_cache)

if self.norm is not None:
output = self.norm(output)
return output if cache is None else (output, new_caches)

SR FRATTHL AT LA E X1 TransformerEncoder 28 #1 TransformerDecoder 2% 14
T Transformer [AHLAFFIFHRAL, HAHITES 0 E LT RSB W3 5145,

embedding size = 128

hidden_size = 512
num_encoder_ lstm layers = 1

en vocab size = len(list(en vocab))
cn_vocab_size = len(list(cn_vocab))
epochs = 20

batch size = 16

SR)G A W B TransformerEncoder 28 fil TransformerDecoder 2 % X Encoder ¥ 1
Decoder ¥ .

# Encoder ¥ E X
class Encoder(paddle. nn. Layer) :
def init (self, en vocab_ size, embedding size, num_layers = 2, head number = 2, middle
units =512):
super (Encoder, self). init ()
self.emb = paddle.nn.Embedding(en vocab size, embedding size, )
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encoder layer = TransformerEncoderLayer(embedding size, head number, middle units)

self. encoder = TransformerEncoder(encoder layer, num layers)

def forward(self, x):
x = self.emb(x)
en out = self.encoder(x)

return en out

# Decoder i iE X
class Decoder(paddle. nn. Layer) :
def __init__(self,cn_vocab_size, embedding size, num_layers = 2, head number = 2, middle_
units =512):
super (Decoder, self). init ()
self.emb = paddle.nn.Embedding(cn vocab size, embedding size)

decoder layer = TransformerDecoderLayer(embedding size, head number, middle units)

self.decoder = TransformerDecoder(decoder layer, num_ layers)

self. outlinear = paddle.nn.Linear(embedding size, cn_vocab size)

def forward(self, x, encoder outputs):

x = self.emb(x)

de out = self.decoder(x, encoder outputs)
output = self.outlinear(de out)
output = paddle. squeeze(output)

return output

AR 2. BRI
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£ S G B A A g
encoder = Encoder(en vocab size, embedding size)
decoder = Decoder(cn_vocab_size, embedding size)
= el [ 0010 g 5 45 5 i 25 1 S 5
opt = paddle.optimizer.Adam(learning rate = 0.00001,
parameters = encoder. parameters() + decoder.parameters())

= RNk
for epoch in range(epochs) :
print("epoch:{}". format(epoch))

# FTARL U

perm = np.random. permutation(len(train en sents))
train_en sents shuffled = train en sents[perm]
train_cn_sents_shuffled = train cn_sents[perm]

train cn_label sents shuffled = train cn label sents[perm]

# iR A AR
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for iteration in range(train en sents shuffled. shape[0] // batch size):
x data = train en sents shuffled[ (batch size * iteration): (batch size * (iteration+1))]

sent = paddle.to tensor(x data)
G fih s Ak BB SO

en repr = encoder(sent)

A g i S I A

x_cn_data = train_cn_sents_shuffled[(batch_size % iteration): (batch_size x

(iteration+1))]

A A v BRI R R
x_cn_label data = train cn label sents shuffled[ ( batch size * iteration):(batch size x

(iteration+1))]

loss = paddle.zeros([1])
£ B, LR —

for 1 in range( cn_length + 2):

# ARWURE A A DL AR A &

cn_word = paddle.to tensor(x_cn data[:,i:i+1])
cn_word label = paddle.to tensor(x cn label datal:,i])
AR A

logits = decoder(cn _word, en_repr)

= AR A2 SO, AT 1 3R A IE

step loss = F.cross_entropy(logits, cn word label)
loss += step_ loss

2 T Bk

= loss / (cn_length + 2)

if(iteration % 50 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
AL, R R
loss. backward()

opt. step()

opt. clear grad()

i S5 R IR

epoch:0
0, loss:[8.359558]

50, loss:[6.6431913]
100, loss:[5.613313]

iter
iter
iter
iter
iter
iter
iter
iter
iter
iter
iter

150,
200,
250,
300,
350,
400,
450,
500,

loss:[5.3523498]
loss:[5.0697136]
loss:[5.2516413]
loss:[4.8820877]
loss:[5.020339]

loss:[4.6380825]
loss:[4.937914]

loss:[4.5123353]
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