45558 Pl A5 R

Bl #1E (Machine Translation) , XFR K H ol #1326, & 48 A I HE ALK —F 3 K165
RIBEFDO N S —FARIET (AREFS SR, EETRIETYN 10 2 AT
BRe L Bbrz —, B A HEARE AN E . RIE, bl 28 5 28k 4k DA R B 9 6
KR B TR TE AL I BOR L& SO A T A T T A AR H AR 0

Pl BERR I K — H 5 AR F RIS GBS ¥ 2R K R B AAHC, R
97 i ) BT TR B ) M8 G 2 SN T 0 U0 B R L P B T A R ) gt P AR B R
BEE THAALIT L RE ) 4R T 208 5 B & UG DL B R TE AR B E ok
P& TF I S 37 300 ] B A3 S e (5 4 1) B I 55

REENG S ) CERAEAY APT R 58 B R B HL 3 SR AT 55 .

5.1 B —. BT 550505 E R i ch- AL B EIF

E
[E
§%§g§’j Bl B ML) seq2seq TOUIN ] 80, B Fy 510 21 75 300 A 0000 1) 50 %% i A 20 B 555 2R
S TE S ALt TR AR 2 AR T 2 R 2 0 B Ol
many-to-many JF 5 T U 5] 55,
Xt seq2seq TN [a] A5 47 AR 1) — S R B A R HE O 5 0 1 B 3 T RE R AR ARk
— Ff B IE I RE 05 A SR PR seq2seq T 5] A 7 S FR O Encoder-Decoder, 1% & &R 454 1
FEWHR 5 . Encoder F 32 HUs AT 51 44 30 4 5% B — A~ 11 2 1 BE 19 1] 42 Decoder i
T 22 1 7 K B2 1 1 et I s 000 7 51
s 5-1 R g B B RNN R 25 35 Uik A ¥ 91 “A B C < EOS > (EOS=End of
Sentence, FAFRIC) ™, I iy H — A 0] 5 4 b B AT B 9 18 LR R 0] s 225 fR RS B BL
RNN [ 28 75 B — A~ B[] 20 SE 17 B0 AT 0, e AR W XY Z <EOS>”, X HE 5k
SCHL TR BRI AR

W X Y Z <EOS>

[ N S N N O BN B o B

A B C <go> W X Y Z

5-1 Encoder-Decoder
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TE% 2] T Encoder-Decoder B Z5 4 Z J& , g oI DA F G AR IR B2 2% 2] FF IR HE 48 58 1L T )7
G 3| 7 41 R (14 - B2 R

LUR L. PR EIR R

AR SR T http://www. manythings. org/anki/$2 4 ) 24697 4> ¥ 35 XUE A) T XF

T AHCHRE A 7 1, 19 5008 XU 7 X113 K omn. txt

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

FRATTHEAS 2 0 BUE ) X SE AT AR AR B, IR e HCR] Python MR &5/ b . OXFF
YW A TR 5 S /NE I HAR R S SRR s O X T ST, R s IR, R IR A T )
535 QN T $E 5 5 SeBL R  YIN 2k i, FRATT 38 o FR A R R R R B — 3 40 0 S B ) AR
RSk my ) 07 AR B T AN 5746 )0 /N I B 4 .

# N KEABE 10 A 5 ol 30 1 A+

MAX LEN = 10

lines = open('cmn. txt', encoding = 'utf —8').read().strip().split('\n")

0TS, HUOR B S SCHR) R T

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

pairs = []
for 1 in lines:
en_sent, cn_sent, = 1.split('\t')
pairs. append( (words_re.findall(en sent. lower()), list(cn_sent)))
F TG, A AR B AR
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)

P2 T RFRAT A3 500 B0 A v 2 SC I ) 2% L 3K 49 1) SR T B IR s U RT3 1D 22 (8] ) AH B
e R R GRS IMAATT 3 ANFEBR O] “< pad >7, T X A9 A F AT HIFE s “< bos >
Hi“begin of sentence”, F/RM]F HIEAIFFIEIE; “< cos >”H1“end of sentence”, #/n 1] T 45
PESEER7 SR

= S QLS

en vocab = {}

F R

cn vocab = {}

# g 4 B A = AR 5K E ¥ : < pad >, < bos >, < eos >

en vocab[ '< pad>'], en_vocab[ '< bos>'], en_vocab[ '< eos>'] 0,1, 2

cn_vocab[ '< pad>'], cn vocab[ '< bos>'], cn vocab[ '<eos>'] = 0, 1,
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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
R A A8 3 01 2, F AT — 0 SR T U256 9 ] NumPy 4 200 $o i 48 7e % 80l 48
e OFT A A F AR 3 < pad >AYIE FE AR B 7 AR R 19 4] 5 QXT3 SCa)F GRIE D .8
Tk B T A B IR AT T B FE s O Fr ) A padded_cn_label _sents J& Il %k
bR g SO E BR B R E] 250 2 F r ERE]

padded_en_sents = []

[]
padded_cn_label sents = []

padded_cn_sents

for en, cn in filtered_pairs:
AR i A A T B O BE SO RIS A, I EL T & R E K
padded en sent = en + ['<eos>'] + ['<pad>'] % (MAX LEN - len(en))
F MG S
padded_en_sent. reverse()
A & i I AT B LR AT SR — A
padded cn sent = ['<bos>'] + cn + ['<eos>'] + ['<pad>'] * (MAX LEN - len(cn))
#ff it i 0 TSR I R AF S, E 1] A i Ay =
padded cn label sent = cn + ['<eos>'] + ['<pad>'] * (MAX LEN - len(cn) + 1)
IR L AT E R R U AT E
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)

% 2. Encoder-Decoder 7 &
AT 2 A E# —~ Encoder-Decoder ZE#) By A 5E s ML 78 B IFAT 55, it B — L4
BRIM PSSR NSH.

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
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(1) Encoder #8743 .

£ Encoder ¥ » FATTTERS 2 5 £5 X5 W 9 Embedding Z J5 % # LSTM, #4 £ — 4> X Ji i
FIATRAS ML, BT LSTM Z b, €M RNN R AL T SimpleRNN,GRU 4
APL F AT AT LA 5 17 RNNL X ) RNN, £ 2 RNN S 45 4, 7] i, n] DL o 35 B
dropout 2404 Z 2 RNN i H [i] 2 47 dropout 4b B, B 1k it #l4 .

Bk T4 FH 3 21 5 510 ) RNIN 2 4E 38 7] LIl 33 SimpleRNN, GRUCell, LSTMCell 45
APT 50 R 3 Ho A 2 525 (1 RNN 31550, 2 0] DU3E 2 4k 7K RNNCellBase SR S8 H & 1Y
RNN i+ 5 HIT,

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,

num_layers = num_encoder lstm layers)

def forward(self, x):
x = self.enb(x)
x, (_, ) = self.lstm(x)

return x

(2) Decoder #43,

f£ Decoder g, FATRI AL A LSTM K 5¢ BUf# 15 . 5 Encoder Jig A [7] i 52 , 1~ LA 4
UV — > 1sF () A B i s S8 R ity 0 A [) BsF i) 25 P9 0 A0 235 40 2 7 U1 10 B PN SEE B

TSR S R B — R Al A Y X £ 25 ), T DA SE 5 AT B JT SR R tensor 7E A [A] 2D 3R
isF 1) TR R F B 4y b 3R TS T A AR

# gk Hil LSTM [ A 4 — K
class Decoder(paddle. nn. Layer) :
def init (self):
super(Decoder, 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)

24 i 43 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)
# 1583 encoder ¥iij % iy A FF 3 347 4 % i) context vector
context vector = paddle.sum(encoder outputs, 1)

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

lstm_input = paddle.concat((x, context vector), axis= —1)
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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 B G Ky HH 1Y) tensor AR F% Jy : (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)

AU 3. BRI

T

FET R IRATIFAG BEAT AL A I 25, FE U Zrad B vh FRATTR MU T 40 7R 5w . OAERE A epoch

ZH XU 2 K s AT BEALAT AL Ol i 2 WA AT decoder 52 B fiff % i 19 8 B4 25 44 5

@teacher forcing HEME . 75 4k YAk A BT I LK U112k Bcdls w9 S S 3 44 DA F90000 >4 iy 5030 1 119
A o RHI M 352 T RS f AR R b — > I ] A5 B 5 SRR D T 2 R TR I Y
A

108

£ SLAR A G B A AR
encoder = Encoder()
decoder = Decoder()
8 CARALE - IR IO Ak G 5 45 5 A 2 1 S 8L
opt = paddle.optimizer.Adam(learning rate = 0.001,
parameters = encoder. parameters( ) + decoder. parameters())
# JFEG Ik
for epoch in range(epochs) :
print("epoch:{}". format(epoch))
# BEMLAT ALY 2R H A
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 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 Jiij 5 £ 75 B B 12 1) 9& SO F 1) G i R
en _repr = encoder(sent)
A g i I I A
x_cn_data = train_ cn_sents_ shuffled[(batch_ size * iteration): (batch_size *

(iteration+1))]
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£ RS AR AR R R, TR RUR
x_cn_label data = train_cn_label sents_shuffled[ (batch_ size % iteration): (batch_
size * (iteration+1))]
# Decoder i £ 45 — & MEAT MR A Bt 75 E W) 45 4k by, I ¢, , tensor JEAR M : (batch, num_ layer
* num_of_ direction, hidden_size)
hidden = paddle. zeros([batch size, 1, hidden sizel])
cell = paddle.zeros([batch size, 1, hidden size])
loss = paddle. zeros([1])
# Decoder i 1Y 11F F fift iy
for i in range(MAX LEN + 2):
LR NIES DAL TWNDSE TN ANl S
cn_word = paddle.to tensor(x_cn data[:,i:1+1])
cn_word_label = paddle.to_tensor(x_cn_label datal:,i])
=i g A
logits, (hidden, cell) = decoder(cn_word, hidden, cell, en repr)
& PR A R A SRR SR, A Y TR 2 1R IR B
step loss = F.cross_entropy(logits, cn word label)
loss += step_loss
# Rk
loss = loss / (MAX LEN + 2)
if(iteration % 200 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
F I B, B R TR
loss. backward()
opt. step()
opt. clear_grad()

*ﬁﬂﬁﬂ”éxﬁ*ﬁ*ﬂ@%ﬁﬁ%ﬁtﬂ ﬁﬂ [Zﬂ 5-2 FJ-T‘ZT—\‘ ’ ?ﬁﬂ‘]ﬂ u% epoch:15

IAEZ 3 LA B B I 2R 2 5 loss R IR SR kgl 2 1l 0y el

AU 40 BLES TR PR R B

R 25 58 iU > FRATHUAT BN T — A~ BE U8 5 5 ST % i v
SCHYLE B, 7R O R oh, FRAT R A S0 SR
(Greedy Search) 52 BLAE FHTZ AR 2 52 BAL &% B8 o

encoder. eval () i
decoder. eval() 5-2 il EER

F AR P EEYLAR IR 10 A 043 5
num_of exampels_to_evaluate = 10 8
indices = np.random.choice(len(train en sents), num of exampels to evaluate,

replace = False)
x_data = train en sents[indices]
sent = paddle.to tensor(x_data)

=GB A 4 IR
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B # i =

2 B om OB (B2

en repr = encoder(sent)

word = np.array(

[[cn_vocab[ '< bos>']]] * num of exampels to evaluate

)

word = paddle. to tensor(word)

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

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

& B

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 exampels to evaluate):

en_input =

ground_truth_translate =

model translate =

nn

for k in results[i]:
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))

FRATH F bR T8 75 A 05 (R RS2 5 00 i 114 1) 25
MR ANE 5-3 PR

i am i

true:

pred:

they ok .
true: ffiIBRM I fir4
pred: flf1ARM [ dr4--
he is tall

true: flif#f.

pred: flf#.

we won the battle

true: FAMETHER 1.
pred: RVEEFHF 1.

B 53 FuER

sports

.join(filtered pairs[indices[i]][0])
.join(filtered pairs[indices[1]][1])

HEATXT LE ok B G AL 4% B 0 BOR , T
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5.2 B ETEEANHE M P-EYHFT]IF

5.1 W FRAT2= 2] T 6898 % 10 seq2seq TN 7] 1 AY Encoder-Decoder 45 #4, Al T
Encoder ¥ 7 A B i A J¥ 51 &6 4 5% 5L — 4~ 48 — 19 1% X 0] & Context vector, #R J5 i H
Decoder #FAT M . X B 4544 52 bR AR AE— AR WY b 4 1) 0, FRATTAR X 25 A5 22 T4 i A 5
GV A Ay T 22 1 1) T G AF A B 8015 B UL IR BE & I 75 B0 R ) 1 A9 K BE G 0 L 31X Bl 45
PR & W TR BRILZAM, M as HOH B T S48 0 i 5 — A ROBUZ & 5 B FH
FALCT . Pk, AR AR ZE W Encoder-Decoder 2514, S 4f 19 V1A # B2 8 2 #IFH Encoder i
FR) T A BT 2 IR S By R R Context AR B BR il ] A1, 3 5 & Attention HLH .

NZEAEBPESCRE T, 2000 10 3 ) 06 T 2 W B AE # A 843 . Attention HLTI 5 itk -+ 43
KL R T E #1E“Machine Learning”-“HLa8 5% 21 7 X A4 F X5, B BE“HlLas "mf, AT
SO AR S P Machine” B 43 5 [a)BE b, 78 B33 2 > VI, i 5 56 I A v
) “Learning” ., X, JFATFE Decoder i #F 47 #0Ml B gk 7] LA H Encoder i 04 B A 15 B
AN J2 Jay B T Ji e A 78 v 4 Y B ] & Context, I/ TR BRF B M LK.

DL ESEX T Attention HLHIY EDUWEL AR 42 T R AR 4 Actention HLHH Y N R iz
L 54 FTR

5-4 Attention #/1

BT AT T RNN W 4 13 5] Encoder Ui B BRI 2 : (hyshys s hp) . B 2 AT
Decoder 3 B BHR R 5, »BMTTT BUHHE Encoder 34— ABEE 5 4 Wb 4 8 19
FRAE AR e, =a (s, b)) s H R W RIERRI R €, =(a (s, sh ) sa (s, shy) ey
als, o oho ) P a (O FRMAEEE WA ST ¢, =5, h JIALETE ¢, =5, "Wh .
A, =0 tanh(W, i +W, 5, D%, RIGH ¢, JEAT Softmax # /4 I H — 1k 15 5

- — A SN ( 1j) g
Attention [IHER /MM : «, = Softmax(e,), HEIF LN o, :Texpieo P a, Xt

2 exp(e,)
k=1

111

HL Y -
R EIF



B A8 8 & E 32 B (F200)

T
Encoder 3 4 B 200k 25 HE 47 A sk A1 RIS 2 46 B2 19 Context vector: ¢, = D a,h, . I,
ji=1

AT L5 Decoder i B F — B ZI B BREL)Z : s, = £ (soovs v o0 s ) B ROZ A B 1 i 1
Py visvss sy ) =g (y,_155,5¢,) 0

X B G AR A 2 05 Encoder i £ 1 B2 R A5 A1 Decoder S >4 HF g )2 R 245 1 ¢
BCPERY AL E . 15 3] Attention 4345, PATAS B X T 24 Fir i i 007 B L0 8 i g AL AL B
SRR N NP2 TN VA R S R O VA 1 A SRS 0 N

i3 Attention HLHIAYTIA L FATFTHE T HBEFIH] Encoder iy fie 44 1 — ] 1 45 2R B9 BR 4] . A
1A AR AT LA R T B TR A BT A X TR — A B b B ) A AR R R AR A 3
WRFI R, 88— LA, T8 ML Actention A H FH K A9 28 AL, v L JIGE ML #% 81 2%
1) 245 SR AN SO Z TR B 26 2R 5 A B T B 4 ol A A R AR AL, A 5-5 s

= e 9

7} s =

£ o £ -

= & o o ) M

2 = u =) k=]
v @ s 28 8 v £ & & =
& sy g 8 5 0 2 @ W 3G 5]
~ & c= WL =55 <= kv

économique

européenne

5-5 Attention 45 R A {14k

3% 1. Encoder -AttentionDecoder 1574 fic ¥

A T T HLH B Encoder-Decoder 4514 5 [k 5 4 A1 LL AL AE Decoder i i 165 78 23
WA 22 5 7RI LI ZS Hh Decoder i A 325 7T L2225 5. 1 19 19 A 28 AT 52 B 1y AL
i IR S

F OR5. 1 —kE, A Rk LS [ A — K
class AttentionDecoder(paddle. nn. Layer) :
def __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)

F R T — W PR Linear 1A M 26 Ok 58 B 2 HLEI RT3, B RDRITHSE A bR ik
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AR BB — 1R 0 B, T IR T S T A IR T 2 0 AR
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)

% 44 Encoder ¥ii JIT A [ 9802 R 25 F1 24 1 B % Decoder ¥ii B 2 AR A B, /Ey Attention #
# Bk 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)
# 753 attention MYHER /> #i
attention weights = F.softmax(attention logits)

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

£ ¥ Encoder ¥fi & — > I ZI 1) Be ek )22 bR 25 76 LU AR X 2 A9 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])

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)

LR 2. BURIZR
R R FATIT 4G HEATREAL I 2 7R U i B bR IBCT A 5. 1 15 AT B A S
RSN AICEEN REE

encoder = Encoder()

decoder = AttentionDecoder()
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£ U AL - 18] I 00 1 g B 2% 5 7 55 4 19 5 3
opt = paddle.optimizer.Adam(learning rate=0.001,
parameters = encoder. parameters( ) + decoder. parameters())
£ Fiail gk
for epoch in range(epochs) :
print("epoch: {}". format(epoch))
£ BEHLITEL I Zh i dE
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]
£ b EE 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 Jiij 5 £ 77 B B 13 1) & SO F 1 G 05 R
en _repr = encoder(sent)
A g5 i L I A
x_cn_data = train_cn_sents_shuffled[(batch_size x iteration): (batch_size %
(iteration+1))]
H#f s i AR E R S, T B R
x _cn_label data = train cn label sents shuffled[ (batch size * iteration): (batch
size * (iteration+1))]
£ Decoder i 7E 55 — 25 E 17 15 1) 75 Z W 4R 4k hy 1 ¢y, tensor JEMR 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])
# AttentionDecoder ¥ H 1 ¥ i 15
for i in range(MAX LEN + 2):
£ OFREUE A A DL B R b o 2 5
cn_word = paddle.to tensor(x_cn data[:,i:1+1])
cn_word label = paddle.to tensor(x cn_label data[:,i])
# i s A
logits, (hidden, cell) = decoder(cn_word, hidden, cell, en repr)
&IPSR, 2 U O, A Y TR 2 15 IR A
step loss = F.cross_entropy(logits, cn word label)
loss += step_loss
£ IHEE R
loss = loss / (MAX _LEN + 2)
if(iteration % 200 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
# R IR, B R TR
loss. backward()
opt. step()
opt. clear grad()

RERIAE I ZRad B2 19 loss AW T B I e 28 FAa e i HLZEROCR b2 B B A8 A1 1
= S HLH Y Encoder-Decoder 55 5 45 41 11 .
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5.3 XK =. ET Transformer §JH-ZE 25 811F

5.2 T IRAT¥ 2 T Attention AL, HIIE T & 0] KL I Encoder-Decoder 25 #4 Hr [ %
()38 Sl i Context JoILMRAE T A A5 B AR, BESR Attention ML 0L A 2, B 4 3%
VAT DL s A rh i) RNN & 43 . HOFIH] Attention S5 FWe 7 3 5L 2 4 BCH2 By Self-
Attention HLi#i| L M Transformer 2244,

BTATIER N — A BRG] K 5] Self-Attention HLHI B & FATT 5 2 B 1E“T arrived at
the bank after crossing the river”iX 7] i , 4 3 [I17F 8 7% “ bank” B, W {a] 4138 & 45 B9 & “ 4R
7730 2 W 7 We 7 X AT FRATIR R L F 30, Y IATE B river” Z J5 B HNE X B ) “bank”
AR K AR ] L B T 7 R AE RNN 2% H, AT 75 20 5 b 2 “bank ™ ]
“river” W IT A H IR, Y EATAHBE RS BT RNN B RCR  AAR 25, W] B el 7 5L Ak 38 6% Dt ) 4 3
 RNN W 45 138 =t AR . Self-Attention WA H T Attention HLHI . AT LA AE A B 0]
55 H A By A L) Z (R B OCHRPE . AR A)EE R, 2 B bank” — IR B, “river” $ 3 BC A5 B AL R
) Attention score, F|]iX & Attention score H A LA4% #| — > AL 3 75 19 1] & H R R AE
“bank” i if AT B, X — R e AR L s A ] R SO R AR B .

BTRFEANT NN 4 — T Self-Attention F 315 it 72, H
FARLER A 5-6 FT R

% F Self-Attention K, Q (Query) . K (Key),V(Value)
SAEREYR A F— A EARATEIR Q 5K ZK A
P N TP RS R, SR — D REWRE /4, Hp
dy H—AQ BK [ 4ERE . A Softmax #1106 H 451
VA —1b A BE 28 0 A, 2R )5 15 3R LU BE VOBt 15 2 B E SR R
For, BIREAET IR N

Scaled Dot-Product Attention

MatMul

Mask(opt.)

)y
=)

VL AR T 8 b il g HoXE LR, FRATTOR B — A AR 0 K v
B, 8 1% F& AT 2 B0 % — 4> 1 41 “ Thinking Machines”, H 1 S6 SelfAttention
“Thinking” i) embedding vector | x, & 78, “Machines” [} it E
embedding vector [ x, #/~, M ATFEAL B “ Thinking” X 4
PR A, FRATT TS E A A HE 5 B A Attention Score , 3 828 B TR X T BRI AE
R Query, FA]+ A H i) (L5 %10 A B (1) Key 23 VCC, 7158 7 35 22 1] 1 A OC 72
&, ®ATH q. 14 3£ “ Thinking” ¥ W B Query vector, k, ., k, 43 5] % £ “ Thinking”
“Machines” X} W 1Y) Key vector, B4 7£ 15 “Thinking” i Attention score W FH &8 q, 5
k. k, B 53, nE 5-7. 8 5-8 s, [RIFELETTE “Machines” ) Attention score B 75 25
q. 5 ki ke, 5T,

RG AR AT B 25 TR AT KB 48 UM Softmax U0 —4k, 515 3] 7 H At 2 5] A1 X F 24
HiHIR Y Attention #3704 . AR, YT H17) 5 H H B 1Y Attention score — it di R, HoAl

Attention(Q ,K,V) = Softmax(
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B & E 5 & 2 % B (F2)

BARAR IR 5 24 Ay B R p9 R A AN AT . SRR TR AR axX st
Value vector #H7E, IS B MANE RAY A = 2, .

Attention score 5

Input Thinking Machines

Embedding X DID A2 EI:]:D

Queries o [T « [

Keys ' | k[

Values v, [N v, [N

Score qk=112 ¢, k=96

5-7 Attention 3T & (1)

Input Thinking Machines
Embedding [T T 1] [T 1T
Queries q D:D VRl EEB
Keys A D k, [
Values v, [ v, [N
Score g,k =112 q, k=96
Divide by 8(+/dj) 14 12
Softmax 0.88 0.12
Softmax

x v, v:
Value
Sum s [DEE z [N

5-8 Attention it & (2)

W HVKE Br A i A B Embedding vector & 3 M AE R TE 32U, I8 4 P A ) Query, Key H
Value [a] 5t 1] LA H M AERE R R F R, Horp we W WY J2 B B0 7e 1 i B2 v 35 B 24 50 1Y
S0, LR ERAERI AT Ak &l 5-9 BrR B AR BRI =

DL Eh /2 Self-Attention LAY £ Z N Z . 7E Transformer 1Y M 4% 2244 v, g 55 25 11 1%
T8 B A R RNN BL CNN A5 9 2%, T J2 5¢ 2 KM T Self-Attention AL, H 9 2% 2244 4
E 5-10 Fi7R .

X B Y Multi-Head Attention SZFR /&2 Sell-Attention 45 F4) i) 45 &, A8 0 75 %
IANTE Y We WE WY SHC ORI EIRTE Y QLK L,V FiFE, aniEl 5-11 /R . 51> Head 8%
> BN AEAS ] 36 7R 25 8] Hh B R AT 3 {4 0 HLAT o 5 1) 3 7R fiE
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¥ 5E W=H[WIF

we Q

T
WA' K Q X

V
=HH Soﬁmax(BHHX ) HHE
Vd,
wY V
V4
B 59 mERK
Output
Probabilities

Feed
Forward

( R Add & Norm
Multi-Head

Feed Attention

Forward Nx
|
Add & Norm

Masked
Multi-Head Multi-Head

Attention Attention

{ | } { A }

o / o /
Positional Positional
Enc:c:»(iingGD_(_;D G._)_® Encoding

Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

5-10 Multi-Head Attention
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1) This is our 2) We embed 3) Split into 8 heads. 4) Calculate attention  5) Concatenate the resulting . matrices,
input sentence* each word* We multiply X or using the resulting then muitiply with weight matrix W* to
R with weight matrices  Q/K/V matrices produce the output of the layer
% we
Thirking .WU o
|
i | LI [
W|Q
W, K
* In all encoders other than #0, N J v 7
we don't need embedding. i | W II
We start directly with the output [SE

of the encoder right below this one

R

5-11 Multi-Head Attention it &

Xt F Transformer 2544 , & i) Encoder ¥ il /28 i Multi-Head Attention /N FEA B
T TS R T B — B 2 AT S 1 Embedding F#m UAN, HA®E—Z0 0,.K,V
Bk A TR — 2 B

Decoder ¥ ) Self-Attention il Encoder ¥ 3 A< — 2, 77 22 1 B0 — o5 2 ff 75 i F2 2
step by step 4= UL A2 L Pt B A5 )% 81 b 19 B A B 78 AT B B D g i i AT LA R
B M i 07 T A AT SR IR 15 B BT LR AT S B AR T A Y SRR AT R A A
B E 2 A5 2 1107 B B OR) B AN B 4k 5] A5 Bz B AE BV XS R Decoder i 55 — 2% 1Y
Masked Multi-Head Attention, 28 — 2% ff/ Multi-Head Attention HI #f #R /£ Encoder-
Decoder Attention Layer, & FIEAF1 5. 2 35 1428 1) Attention HLHHIAYYE FAHTE .

BR it Z Ab, Transformer %514 il A7 — S8 H A i 240757 7 5 4 B | B 2 3% 45 A2 br ifE 4k
A O HR BY 12 E RT DB 3 SRR G TR T

FETORFRATZE 2 Al QIR B 2% 2 FF IR HE B2 58 i 3L T Transformer [ H-55 AL 2% Bl 1R 45
B, RAAEZLSCH T Transformer MYFEA)Z, H b 7T UL H 4% 8 F TransformerEncoderLayer
e S e v B — DR AR 2K R ) 7R LB AL 5 M 45 1) 5 TransformerEncoder
HKHE S TransformerEncoderLayer JZ , 1R [ 45 & J2 50 1) 45 i #% ; TransformerDecoderLayer
FE g g i — A2 A 2k AR 72 . 2 3k 38 R ) )2 g AL M 4+
JZ; TransformerDecoder 28#£ % TransformerDecoderLayer /2, iR [Fl48 B 2 5128 . 3
TR R E A1 Transformer ZEHEAT T, A B 3L & RE U8 8 1 2% 2] 58 B AR T i — 2P
4R Transformer MZ5H R HGE b . IR EMM TR R E RIS HSE 5.1 7
AT, TR T Transformer 224 F1 3L F Encoder-Decoder 4244 (AL 7 Bl 3545 7Y 78 1| 25
T T A R S EOH A WA AN ] S PR O TR AT 2 AR AR T B R I A e AR
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b

B U% 1. Transformer B NE B

F (738 13 € X TransformerEncoder 28 il TransformerDecoder 2138 4 1% PN 38 55 31 >k 58
PR R Transformer BB T3 2., B/t E X MultiHeadAttention O ZLkIFEE N1 T2, 5%
BLRCIR S B = TR

¥ Z2LEENTR
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 num_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):
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 ¥iji} 8. encoder — decoder attention
k, v = cache.k, cache.v
else:
k, v = self.compute_kv(key, value)
if isinstance(cache, self.Cache):
# Decoder %1t 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)
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< < &~ A~ <
1}

s & B 3 OBR (F2

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])
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) :

def

key = query if key is None else key

value = query if value is None else value
# i5 q kv

if cache is None:

a, k, v = self. prepare gkv(query, key, value, cache)

else:

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

R AU A R TR T 4 R I 5

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)

if cache is not None:

outs. append(cache)

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

FIXHMAMT ZLFEBNIGAEZEE, R )58 TransformerEncoderLayer W 4% 2
2% Encoder B%— )2 . 7 Transformer FIARH A HES |

# Encoder ¥ — 2
class TransformerEncoderLayer (Layer) :

__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")



E5E HHSEE
self. config.pop(" class ", None) # py3
super (TransformerEncoderLayer, self). init ()
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.norm?2 = 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
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 32 22 [ 10 A 5L W 25 2 BB BE L O, 28 A — N 52 Z ) Encoder
ZER .

# Encoder %i i £ )2 S
class TransformerEncoder (Layer) :
def __init_(self, encoder_ layer, num_layers, norm = None):
super (TransformerEncoder, self). _init ()

self. layers = LayerList([ (encoder layer if i == 0 else
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type(encoder layer) ( ** encoder_ layer. config))
for i in range(num_layers)])
self.num_layers = num_layers

self.norm = norm

def 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[ 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)
TransformerDecoderLayer #il TransformerEncoderLayer /£ 251,

# Decoder ¥ [ — 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")

"

self. config.pop(" _class__", None) # py3

super (TransformerDecoderLayer, self). init ()

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)
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)
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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))

# Decoder %i i £ )2 S
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,
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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)

BEEE, FATRT LR E LI TransformerEncoder 281 TransformerDecoder 254 4 %t
F Transformer WYNLEFBHIRRLRL , 01T ES B0 & L, H TR S B s 511 2% .

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

SRIG A B8 ] TransformerEncoder 2% fil TransformerDecoder 2K £ X Encoder ¥ fll
Decoder ¥,

# Encoder i iE 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, )
encoder layer = TransformerEncoderlLayer(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
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# 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 = TransformerDecoderlLayer(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

Lk 2. Bk
AR S R TH L 5 A0 S8 Ak At i S A0 2R pR R0 SCAF LA
£ S 2 A 7

encoder = Encoder(en vocab size, embedding size)

decoder = Decoder(cn_vocab size, embedding size)

£ Ak s - I8 Ak g 15 25 5 A B 2 10 2 8

opt = paddle.optimizer.Adam(learning rate = 0.00001,
parameters = encoder. parameters() +

decoder. parameters())

£ FFiElsk

for epoch in range(epochs) :

print("epoch: {}". format(epoch))

£ AT EL IR E T

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]

# b 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)

= i A% Ak Y 3 ) 1
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en_repr = encoder(sent)

= ATEAT TN TN

x_cn_data = train cn_sents_shuffled[ (batch size * iteration):
(batch_size * (iteration+1))]

£ ARG A i L AR R S, TR E LR

x_cn_label data = train cn label sents shuffled[ (batch size %

iteration):(batch size % (iteration+1))]

loss = paddle.zeros([1])
# B, R Y —
for i in range(cn_length + 2):
# AR A I A DL AR A R
cn_word = paddle.to tensor(x_cn data[:,i:i+1])
cn_word label = paddle.to tensor(x cn label data[:,i])
A A A
logits = decoder(cn_word, en_repr)
£ IR AR AR A SR SR, R A IR 2 A IE B
step loss = F.cross_entropy(logits, cn word label)
loss += step loss
# Rk
loss = loss / (cn_length + 2)
if(iteration % 50 == 0):
print("iter {}, loss:{}".format(iteration, loss.numpy()))
= AL, B R T
loss. backward()
opt. step()
opt. clear grad()

T g A AN 5-12 iR,

epoch:@

iter @, loss:[8.359558]
iter 50, loss:[6.6431913]
iter 100, loss:[5.613313]
iter 15@, loss:[5.3523498]
iter 200, loss:[5.0697136]
iter 250, loss:[5.2516413]
iter 300, loss:[4.8820877]
iter 350, loss:[5.020339]
iter 400, loss:[4.6380825]
iter 450, loss:[4.937914]
iter 50@, loss:[4.5123353]

B s5-12 HWHER

5.4 TR, HFFIG- MR h-SE A R8I

EFFIE-

%ﬁ%ﬁ@ﬂ?- H T, 78 KA A Jobr i iRk b B 2R B, 78 F Ui A 55 LA o i B W B s % )
= iF

B 22 iy F AR 5 AL BT ) — R X, A A9 A2 X I ZR A5 R MASS, UnilLM,
BART %5 .45 Mask LM 7] {155 Hil seq2seq HEZRZE 45 . 78— R 5 H SR 16 & A2 AT 55 1 HUA
T SOTA BMF TR . E R 33 2L I ZRAE BUAR /D G T B AR 18 35 26 i A B Ol fi 22 1) L, 77
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JE 2 59 ERNTE-GEN A5 28 38 o8 35070 Az JOAIL i) R0 08 75 J 0 A i vk R b 1 DI 0 4 B 22 1]
22 5o A SE Sk 7 6 A 0T 0 NS I B VR B 2 A ZR 3R T 38 B B (span-by-span) [ 2%
A1 RN ZRI 5 20 A R0 — A4 T2 700 — 4> 56 B i o SO B

AR B ATTH R ] PaddleHub € 52 81 B T ERNIE-GEN 1 H -3 B & #1545 A
PaddleHub B] DIHE B FRATE HE ML IR PaddlePaddle A= 2% T W I S A HY , 58 Bl A5 A %) 457 B
A—HERW . BEE 6 Fine-tune APT, AJ DUKE T~ AL 15 91| 25 458 2 PR 3 58 LT #% %~ L ik
TR ZR AR RE 6% T 4 3t iz 55 1 0 P e 8 st A

AR Bin B

AU S BATI IR emn. oxe X8l 48 AT B B I 5 L 3l 2o 6 A i SO kAT Sl o 45 F
5 PP - A 0 B8 I R R R R R e S 1 A I

# G BRSO EEE R

lines = open('data/data78721/cmn. txt', 'r', encoding = 'utf — 8'). readlines()
random. shuffle(lines)

train sample = lines[:int(len(lines) % 0.8)]

test sample = lines[int(len(lines) *0.8):]

train data = []

for line in train sample:
11 = line.strip().split('\t")
train_data.append('1\t % s\t $s\n' % (11[0], 11[1]))

with open('data/train. tsv', 'w', encoding= 'UTF-8') as f:
for line in train data:

f.write(line)

test data = []
for line in test_sample:
11 = line.strip().split('\t")
test data.append(' % s\n' % (11[0]))

with open('data/test.tsv', 'w', encoding= 'UTF—8') as f:

for line in test_data:
f.write(line)

AR 2 BOUNZREBERE Ay i

TRILHRME T PaddleHub WYIZRA RIS ¥ T B, /0] UL #%&8 H PaddleHub H 9 1
YA R, o LT RS 2% >0 14 J7 20 25 A O BB g B A, pR 3l S 0 4 B 55

import paddlehub as hub

# Jn#k ernie_gen FEH

module = hub.Module(name = "ernie gen")
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R SRR

result = module. finetune(

train path= 'data/train. tsv', # NGk

dev_path = None, # KR AR

save_dir = "save", £ BT AR AF DL R 36 TIE 4 B0 i 1L it AR
init ckpt path = None, # R IR A0 0 B AR, T S B RS I 2k
use_gpu = True, # &G cpu

max_steps = 5000, £ BRINGLE

batch_size = 16, # YNZRET 1Y batch K/
max_encode_len = 256, # K g B

max_decode len = 64, # ERKMBEKE

learning rate=5e-5, # 23 BRI

warmup_proportion= 0.1, # 2] % warnup L

weight decay=0.1, # BUE WK/

noise prob =0, # R AR

label smooth=0, # FRZ IR AR

beam width=5, # I UELE O A A beam K/

length penalty=1.0, # 5 UE AR T A A9 K RE AR T A
log_interval = 100, # YIZREE g B KT B b 2 5

save_interval = 500, # IIZkI A48 B OR 77 (] R 0 35 . 96 00E K5 7 A5 L QR A7 5€ 52 BEAT B0

AR 3. BRI

PaddleHub @ #2447 5 AP 3@ 1t APT 7] DL — &8 )1 45 2 5047 2% hub module,
SRIG 15 ernie_gen” — i 14 35 %€ ) module 44 FR BN AT 52 B — 5 m 2% .

% MBR Report_GEN SC{F3, i 6 — Yk A Il i 5%
'rm — r Report_GEN

import paddlehub as hub

# % ernie gen f& A

module = hub.Module(name = "ernie _gen")

£ PaddleHub H 7l &

module. export(

params_path = result[ 'last save path'], £ BN S B AR, T T ol o 5 A G I S
module name = 'Report GEN', # module 4 FR
author = 'aistudio’, = fEH LK

max_encode len = 256,

max_decode_len = 64,

version="1.0.0", = TN

summary ="", # module f{) H LR A
author email="", £ EE R A ik
export_path="./") # module ¥ 5 H 1%
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4k 4: BORHIN

PRI e 52 EE 2 )5, il 4F hub install $ module_name %2548 @A, @ i3 APL W FH A
# module PEATE5 LTI ,

# WEIBTHIE
% env CUDA_VISIBLE_DEVICES = 0

import paddlehub as hub
'hub install Report_GEN

Fm A A
module = hub.Module(name = "Report GEN")

I A SCAS, T3 AT B R SOAS AT 25
input texts = []

with open('data/test.tsv', 'r', encoding= 'UTF—-8') as f:
for line in f:

input texts.append(line)

£ R B
results = module. generate(texts = input texts, use gpu= True, beam width=1)

= J g R

for i ,result in enumerate(results):

print('5 s d MEASCAE R E R : 5" % (1+1, result[0]))

129



