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番 a scaling divided by square root of embedding size

I for numerical stability
T Multihead Attention

𨗈
i

髎 繁
Coding



Self attention

class SelfAttention nn.Module

def _in it Self embedsize heads

Super SelfAttention self _in it__い

Self.embed_size embed_Size

Selfheads heads

Selfhead_dim embedSizedheads

assert Selfhead.dim heads embedSize
Embed sizeneeds tobe divbyheads

Self.values nn.LinearSelfheaddim Selfhead.dm
bias False

self.keys nn.Linearself.headdimselfhead.dim
bias False

self.queries nn.Linear selfhead.dim selfheaddim
bias False



Self.fc.out nn.Linear heads selfheaddim embed.size

T
Concatenation

def forward self values keys query mask

N query.shape o howmanyexamples we we infer
eachtime

Value.len key.Len query_len value.then
A keys.shapeED

source sentenceIN query.shape矴

targetsentencelength

split embedding intoselfhead pieces

values values.reshape N value.lenselfheadsSelfheaddim

keys keys.reshapeWkey.len selfheadsSelfheaddid
queries query.reshape IN querylen selfheadsselfheaddim
values Self.values values queries Selfqueriesqueries
keys self Keys Keystone
enemy torch.ensuringhd.nkhdsnh.gl Eateries keysD

queries shape IN query.len heads.heads.dim

keysShape Nkey.len us headedin



we want any shape CMheads query.ten Keith
query.len is thetarget sentence

key.len is the source sentence

foreach word in the target howmuchshould we pay
attention to ah word in the input

if mask is not None

energy energy.maskedfill mask 0 HeatC t e

attention torch.SoftMax energy selfembedsize 材 112
dm normalize the attentionfor the source

sentence

out torch.einsumじnhqlnlhd nqhd attention values

reshape Mqueryten selfheadsxselfhead.dim



attention shape W heads query.len keyten

valuesshape Mvalue.len heads.heads.dim

outputdrm W queryten heads headdm
then reshape flattens the last two dimensions

out Self.fc.Out out

return out

class transformer咷 me
jj

def__init self embed.Size
heads dropout

forward.expansion

SuperTransformerBlockself _in it い

Self.attention SelfAttention embedsize heads

Self.norml M.layerNormlembed_size

BatchNorm takestheaverage acrossthebatch and then

normalise



LayerNorm takes average for every example
Self.norm2 M.LayerNorm embed_size

self.feed.forward inn.Sequential

Cnn.Linearembed_size forward.expansion t embedsize

m.Re LV11

m.Linear forward_expansion xembedsite embed 倒

self.dropout m.Dropout dropout

def forward Self Value key query mask

attention self.attentionValue key query.may

x self.dropoutself.norml attention t query

Skip connections

forward self.feed_forward x

out Self.dropout self.norm2forward txy

n



return out
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def init self
src.vecab_Size

embed_size

num.layers
positional

heads encoding 0
4

device Input

興forward_expansion

inputsdropout

Max_length

なlap the traindatasize limited.eg.la

Super Encoderself __in it__ い

Self.embed_Size embed_size

Selfdevice device



Self.word.embedding nn.Embedding seek Size embedsite

Self.position_embedding cnn.Embedding Max_length embed_size

Self.layers nn.ModuleList

E
TransformerBlock

embed_Size

heads

dropout dope
forward.expansion forward_expansion

for in range num layers1

self.dropout nn.Dropoutdryout

def forward self x mask

N seq_length x.shape

positions torch.arange 0 Seq_length expandmy length
to Self.device thislearns the orderof words

out SelfdropoutYf.word_embedding x T
t Selfposition.embedding positions



for layer in selflayers
out layerし

0ut.at
mask

all inputs are same in Encoder

return out

class DecoderBlockCnnModule

def_in it__ selfembedsize heads forward.expansion

dropout device

SuperDecoderBlocksself _in it__い

self.attention SelfAttention embedSize heads

Self.norm m.LayerNom embed_size

selftransformer_block TransformerBlock

embed_sizeheadsdropout forward_expansion

self.dropout nnDropoutdropout



def forward self x Value key Sir_mask try_mask
we need to padthe inputs to equal length Srcmask is

to avoid computation on padded values Optional

attention selfattention x x x tyme targetmask

query self.dropout self.nomattention tx

at self.transformer_block valuekeyquery src.my
return out

class DecoderCnnModule

def_in it self trg.vecab.sizeembed_site nun layers
heads forward.expansion dropoutdevice Max_length

Super Decoderself __in it い

Selfdevice device

self.word.embedding nnEmbedding tryincab_size embedSite

self.position.embedding nn.Embedding max_length embed.size



self.layers m.ModuleList

DecoderBlock embed_size heads forward_expansion

dropout device
for in range num.layers

i
selfた out M.Linear embedSize try_raab.size

self.dropout nn.Dropout dropout

def forward Self x e Out sn_mask try_mask i

N seq_length x.shape

positions torch.arrange seq length expand My length

to self.device

x Self.dropout Selfword.embedding x t

Selfpositionembedding positions



for layer in self.layers
x layer X enc.eut.sn.Mask try_mask

Out Selfた_out x

return out

Class Transformer m.Module

def__init self Savecab_Size trg.vecab.size

src_pad idx.trg.pad_idx.cmbed_Size 256

num layers 6 forward.expansion 4 heads 8

dropout 0 device cuda Max_length 100

SuperTransformer self _in it

self.encoder Encoder

Sn.vocals_size embed_Site numLayersheadsdevice

forward.expansion dropout Max_length



selfdecoder Decoded

trg.vecab.Size embedsize nun layers heads

forward.expansion dropout device Max.length

Self.src.pad_idx.sn_pad ax

Self.try_pad 状に try_pad.idx

self.device device

def make.sn_mask self src

Src_maskことにSelf.sn.Padid x msqueezeHimsqueeze 2

Shape is N I l src.la

return Smmask.toSelf.device

def Make_try_mask Self mi

N try_len try.shape



try.mask torch.trilltorch.onesKryten tryin expand

LowertriangularN I try にいた

1国 matrixI
return trg_mask.toselfdevice

def forward selfSrstag
src_mask self.make.sn_maskSnl

try_mask self.make_try_mask try
enc.sn Self.encoderSrc Src_many

out self.decoderhyenasn Sir_masktrymany
return out


