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class PositionalEncodinogitf. keras. lavers. Laver ) :

def __init__(=self, position., d_model):
super{Positional Bncoding, sel f).__init__()
sl f.pos_encoding = self.positional _encodinglposition., d_model )

def get_confiaisel f):

confiag = super(l).get_confial). copyi ]
config. updatel £
‘pos_encoding’ @ sl f.positional _encodinglposition. d_model )
T
return confia
def get_anglesiself, position, . d_model):
angles = 1 F tf.pow( 10000, (2 = C§ A5 211 F tf.cast{d_model . tf. float3z2))

return position + anales

def positional _encodinal=sel f. position. d_model ) :
angle_rads = sel f.get_anglesi
position=tf.range(positiaon, dtvpe=tf. float322[:. tf.newaxi=s].
i=tf.rance(d_model ., dtyvpe=tf.float32)[tf.newaxis, :1].
d_mode | =d_made] ]

sines = tf.math.sin{angle_rad=s[:, 0O::2]2
casines = tf.math. costangle_rad=s[:. 1::2]12
andgle_rads = np.zZerostangl e_rads. shapel
angle_racs[:, 0::2] = sines

angle_radsl[:. 1::2] = cosines

pos_encoding = £f.constant (angle_rads)
pos_encoding = pos_encodinaltf.onewaxis. ... 1]

return tf.cast(pos_encoding., t©f. float32)

def cal li{self., inputs):
return inputs + sl fopos_encodingl: . (tf.shapelinepur=s301]. ]

&t=0l Scaled Dot

rr

dg2|3 attention #E= AMMFTZ] flohM LS 0|83 ALl

7
Product Attention T E+= C}21F ZCL
def scaled_dot_product _attent ion{auery, key, value, mask):

matmul _alks = tf.matmul (guery, kev, transpose_b=True)

depth = tf.cast(tf. shape(key) [-1], tf.float32)
logits = matmul _alk / tf.math. sart (depth)

it mask i= not MNone:
logits += (mask + —129)

attention_weights = tf.nn.softmnax( logits, axis=—1]
oUtput = tf.matmul (attention_weights, value)

return output, attention_weights
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def create_padding_mask(x):

mask = tf.cast(tf .math.equalix, 03, £f.float32)
return mask] . tf newaxis, tf .newaxis, @)

ClREe| MZOHIMO|N oF HHO{E mEtet I Oj2fe| T E 1N2{sHA| YT F OIATE HRe
Look-ahead maskE CtZ1f Z0| ot = UCH
def create_|ook_ahead_mask(x):

geq_len = tf .shape(xi[1]

look_ahead_mask = 1 - tf . linalg.band_part(tf ones{{seq_len, seq_len)), -1, 0)

padding_mask = create_padding_mask(:)
return tf  maximumi |ook_ahead_mask, padding_mask)

Ol 718 ZHFS XSS dense layerS S3tA7 20T gE& AlLHSH= MultiHeadAttention =

= Chaat ZL.
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class MultiHeadattent ion(tf . keras. lavers.Laver):

def __init__{self. d_mode!l. num_heads, name="multi_head_attention™):
superiMult iHeadattention, self).__init__{name=nama)
sl f . .num_heads = num_heads
self . .d_model = d_model

assert d_model % self.num_heads ==
self . .depth = d_model A4 self.num_heads

self . guery_dense = tf .keras. lavers.Oensel{units=d_mode11)
self  kev_dense = tf  keras. lavers.Densefunits=d_mode| )
self . value_dense = t£f .keras. lavers.Densef{units=d_model)

self . .dense = tf . keras. lavers.Dense{units=d_mode1)

def =plit_headsi({self. inputs. batch_size):
inputs = £f . reshape(
inputs, shape={batch_size, -1. self . .num_heads, self.depthl)
return tf . transposel inputs. perm=[0, 2. 1. 312

def call(self, inputs):
query, kew, walue. mask = inputs| ‘guerw’]. inputs] kew']. inputs|
‘walue’], inputs] mask]

batch_size = tf .shape(querw)[ 0]

query = self . querv_dense(querw)
key = self . key_densellkesy)
value = self . wvalue_denselwalua)

query = self.split_heads{query, batch_size)

kew = self . split_heads(key., batch_size)

value = self . .split_heads(value, batch_size)

scaled_attent ion, = scaled_dot_product_attent ion{query, kew., walue, mask)

scaled_attention = tf .transposelscaled_attention. perm=[0, 2, 1. 3]2

tf . reshapeiscaled_attent ion,
(batch_size. -1, self . d_model))

concat_attention

outputs = self .denselconcat_attention)

return outputs
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Encoder_Layer, Decoder_Layer= O07|A= StLt2| Encoder, DecoderE

olojetttn =

def encoder_laver({dff, d_model, num_heads. dropout, name="encoder_laver™):
inputs = tf .keras. Input(shape=(Mone, d_model). name="inputs")

paddina_mask = tf .keras. Input{shape=(1. 1. MNone). name="paddina_mask"™)

attention = MultiHeadAttent iong
d_model . num_heads, mame="attention” )4
‘query t inputs, Ckey ! inputs, “wvalue': inputs,
‘mask ! padding_mask

rl

attention = tf . keras. lavers. Dropout { rate=dropout ) {attent
attention tf .keras. lawvers.LaverNormalization(
epsi lon=1e-G)(inputs + attention)

iond

outputs = £f .keras. lavers.Densefunits=dff, activation="relu J{attention)

outputs tf . keras. lavers.Densefunits=d_mode| ) {outputs)

outputs tf . keras. lavers.Oropout { rate=dropout ) {output )
outputs = tf .keras. lavers.LaverMormal izat iong
epsilon=1e-Bl(attention + outputs)

return tf.keras.Model

inputs=[ inputs, padding_mask]. outputs=outputs, name=name)

def decoder_laver{dff., d_model. rum_heads, dropout, name="decoder_lawer™):

inputs = tf .keras. Input (shape={MHone. d_modell). name="inputs™])
enc_outputs = tf \keras. Input{shape=(Hone. d_model), name="encoder_outputs™)

look_ahead_mask = tf . keras. [nput
shape=({1, Mone, MNone), name="look_ahead_mask™ )

paddina_mask = tf .keras. lnput(shape={1. 1. Mone). name="paddina_mask’ )

attentionl = MultiHead&ttentioni
d_model . num_heads,. name="attention_1"){inputs=

‘query”: inputs. Tkew'! inputs, ‘walue’: inputs.,
‘mask’: look_ahead_mask
r
attentionl = tf . keras. lavers.LaverNormal izationi

epsilon=le-Gilattentionl + inputs)

attention2 = MultiHead&ttent ioni
d_model . num_heads. name="attention_2" 1 inputs=
‘query’: attentionl, ‘kew ! enc_outputs. Twalus’:
‘mask’: paddinga_mask

F

enc_outputs,

attentionZ = tf . keras. lavers.Dropout { rate=dropout ){attent ionZ)

attention2 = tf . keras. lavers.LaverNormal izationi
epsilon=le-Gl{attentionZ + attentionl)

outputs = tf \keras. lavers.Densefunits=dff, activation="relu’ ){attentionz)

outputs tf .keras. lavers.Densefunits=d_model ) {outputs)

outputs = tf . keras. lavers. Dropout { rate=dropout ) (outputs)

outputs = tf .keras. lavers.LaverMormal ization(
epsilon=1e-6){outputs + attentionz)

return tf . keras.Mode |l [

inputs=[ inputs., enc_outputs, look_ahead_mask. paddina_mask].

ot puts=output =,
name=rams )
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def encoder{vocab_size. num_lavers. dff.

d_model . num_heads. dropout.,

name="encodar " :
inputs = tf . keras. Input{shape=(None. ). name="inputs™)
paddina_mask = tf .keras. Ilnput(shape=_{1. 1. Hone). name="padding_mask")
embeddings = tf .keras. lavers.Embedding(vocab_size,. d_model ) inputs)
embeddings += tf .math.sqrt(tf .cast(d_model, tf .float32))
embeddings = Positional Encodina{vocab_size, d_model){embeddings)
outputs = tf .keras. lavers. Dropout [ rate=dropout ) {embedd ings)

for i in rangelnum_lawvers):
outputs = encoder_laver(dff=dff. d_model=d_model. num_heads=num_heads,
dropout=dropout , name="encoder_laver_+4+F" . format (i),
I [outputs, paddina_mask] )

return tf . keras.Model [
inputs=[ inputs. padding_mask]. outputs=outputs. name=nams)

def decoder({wocab_size, num_lawvers, dff.
d_model . num_heads. dropout.
namz="decoder
inputs = tf .keras. Input (shape={(Mon=, 1, name="inputs’ )
enc_outputs = tf  keras. |nput {(shape={Hone, d_model ), name="encoder_outputs ')

look_ahead_mask = tf .keras. lnput(

shape=[(1. Mone, Mone). name="look_ahead_mask’ )
paddina_mask = tf .keras. lnput{shape={1. 1, Mone). name= paddinga_mask )
embeddings = tf .keras. lavers.Embedding(vocab_size,. d_model)({inputs)
embeddings += tf .math.sqrt(tf .cast(d_model, tf .float32))
embeddinas = PositionalEncodingaivocab_size. d_model ) {embeddinas)
outputs = tf (keras. lavers.Oropout {rate=dropout ) {embedd ings)

for i in range{num_lavers):
outputs = decoder_laver(df f=dff. d_model=d_model. num_heads=num_heads,
dropout=dropout , name="decoder_laver_4F . format (i),
I inputs=[outputs,. enc_outputs, look_ahead_mask, paddinga_mask] )

return tf . keras.Model [
inputs=[ inputs. enc_outputs, look_ahead_mask. paddina_mask].
out puts=outputs,
name=name 1

ox|2te 2 2o ZEEE TH=0{T TransformerO| L,

def transformer{vocab_size. num_lawvers, dif.
d_model . num_heads. dropout.
name="transformzr"7:
inputs = tf . keras. Input (shape=(MNone. ). name="inputs")
dec_inputs = tf .keras. Input (shape={None, 1. name="dec_inputs")
enc_paddina_mask = tf .keras. lavers. Lambdal
create_padding_mask. output_shape=i{1. 1. HNonz).
name="enc_paddinga_mask " ) inputs)
look_ahead_mask = tf .keras. lavers.Lambdar
create_look_ahead_mask. output_shape=(1. Hone. Hone).
name="look_ahead_mask " J{dec_inputs)
dec_paddina_mask = tf .keras. lavers.Lambdalf
create_padding_mask. output_shape=i{1. 1. Honzl.
name="dec_paddinga_mask " ) inputs)
enc_outputs = encoder(vocab_size=vocab_size, num_ lavers=num_lavers, dff=dif.
d_mode l=d_mode | . num_heads=num_heads. dropout=dropout .
afinputs=[ inputs, enc_paddina_mask] )
dec_outputs = decoder(vocab_size=vocab_size, num_ lavers=num_lavers, dff=dff.
d_mode l=d_mode | . num_heads=num_heads. dropout=dropout .
I inputs=[dec_inputs. enc_outputs. look_ahead_mask, dec_padding_mask])
outputs = tf .keras. lavers.Densel{units=vocab_size. name="outputs” ){dec_outputs)
return tf .keras.Model (inputs=[ inputs. dec_inputs]. outputs=outputs, name=names)
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5. AIDXE

Attention is all you need(Google, Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion

Jones, Aidan N. Gomez, Lukasz Kaiser, lllia Polosukhin)
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