
Machine Learning

LSTM Networks

1. Basics

sigmoid function:

hyperbolic function:

softmax function:
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standard RNN:

2. Model

input:

initialize hidden state:

forget gate:

=
∂yi

∂xj

⎧

⎩
⎨⎪⎪
− ⋅ ,yi yj

⋅ (1 − ),yi yi

i ≠ j

i = j

x = ( , ,… , ) ∈x1 x2 xT xt ℝn

∈h0 ℝk

= σ( + + )ft Wxf xt Whf ht−1 bf



input gate:

cell update transformation:

cell state update:

= σ( + + )it Wxixt Whiht−1 bi

= tanh( + + )ct̃ Wxcxt Whcht−1 bc

= ⊙ + ⊙ct ft ct−1 it ct̃



output gate:

hidden update:

3. Variants on LSTM

extending LSTM with peephole connections:

= σ( + + )ot Wxoxt Whoht−1 bo

= ⊙ tanh( )ht ot ct

 
 

= σ( + + + )it Wxixt Whiht−1 Wcict−1 bi

= σ( + + + )ft Wxf xt Whf ht−1 Wcf ct−1 bf

= σ( + + + )ot Wxoxt Whoht−1 Wc0ct bo



use coupled forget and input gates:

4. Gated Recurrent Unit(GRU)

update gate:

reset gate:

hidden update:

= ⊙ + (1 − ) ⊙ct ft ct−1 ft ct̃

= σ( + + )zt Wxzxt Whzht−1 bz

= σ( + + )rt Wxrxt Whrht−1 br

= tanh( + ( ⊙ ) + )̃
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