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sequences! Aligning the positions to steps in computation time, they generate a sequence of h1dden
states hy, as a function of the previous hidden state h;_; and the input for position t. -
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transduction models have an encoder-decoder structure |5, 2, 35].
sequence of symbol representations (#; ..., ) {0 @ sequence
symbols as additional input when generating the next.

z = (21,...,2,). Given z, the decoder then generates an output
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The decoder s also composed of a stack of N = 6
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[21. and dot-product

g
softmax(-?ff
k
attention

Attention(Q, K] W)

1 gk s mean 0 and variance dx!

dy,
K3

'I_---_-----_ll-l-_-
variables With mean 0 and Variance 1 Then theif dot product, ¢ - k = >_;



output values. These are concatenated and once again projected, resulting in the final values, as
depicted in Figure[2]

MultiHead(Q, K, V) = Concat(heady, ..., heady) W
fWhere head; = Attention(QWiQ, KWk, VWiV)

Whiete the projections are parameter matrices 1,2 ¢ Rk, WHE ¢ Rt xdi JV ¢ RelmoserXdo
and WO g Rhs X doaer)

In this work we employ h = 8 parallel attention layers, or heads. For each of these we use
dy, = dyy = dimoder/h = 64. Du€ to the reduced dimension of each head, the total computational cost
is similar to that of single-head attention with full dimensionality.
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FEN(Z) = max(0 W1 + b1)Ws + by )



Recurrent

Convolutional

Self-Attention (restricted)

s2d

sin(pos /100002 Aot

.E(pos,Qi)
PE(pos,21'+1)

¢05(p0s /100002 o)

R such as a hidden

o

€

.,zn), with Tiy 24

In this section we compare various aspects of self-attention layers o the recurrent and convolu-
tional layers commonly used for mapping one variable-length sequence of

Z1,...,Ty) to another sequence of equal length (21, ..

~



. Even withk = n,

©)

0.98 and e = 107} We varied iie learning

d;u?&i, -min(step_num ™5, step_num - warmup_steps~')

IAdari optimizet [20] with 51 = 0.9, 5
course of training, according to the formula:
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