Machine Learning
LSTM Networks
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1. Basics

sigmoid function:
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o () = 6(x) - [1 — o(x)]
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hyperbolic function:
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tanh(x) =

tanh’ x)=1- tanh’ (x)
softmax function:

y = softmax(x)
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2. Model
input:
X = (X1,X2,...,X7) X, €R"

initialize hidden state:

hy € Rk
forget gate:

f, = O'(foXt + thht—l + bf)
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input gate:
i; = o(Wyx, + Wy;h,_; + b))
cell update transformation:

Et — tanh(wxcxt + thht—l + bc)

cell state update:

Ct=ft®ct_1 +it®Et



output gate:
0; = G(onxt + Wyoh ) + bo)

hidden update:

h; = o, © tanh(c,)

3. Variantson LSTM

extending LSTM with peephole connections:

i; = c(Wyux; + Wyihi_y + Weiem +b;)
f, = O'(foX, + thh,_l + chct_l + bf)
0, = O-(onxt + Whoht—l + WCOCZ + bo)



use coupled forget and input gates:

¢, =f0c1+(-1f)0O¢
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4. Gated Recurrent Unit(GRU)

update gate:

z, = c(W.x;, + W, ;h,_; +b,)
reset gate:

r, = o(Wyx; + Wy, h_ +b,)

hidden update:



h; = tanh(W,;,x, + Wy, (r; © h,_1) + by)
h, = (1 _Zt)Qﬁl+Zt®ht—l
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