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6.1. Recurrent Neural Networks

𝒉

𝑦

ℎ𝑗

𝒙

𝒉

𝑦𝑘

𝒙

Universal approximation theorem for time series data

Recurrent connection for hidden nodes Recurrent connection for output nodes
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Recurrent connection from output to hidden nodes
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6.2. Long Short-Term Memory(LSTM)
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Long Short-term Memory (LSTM, Hochreiterand Schmidhuber, 1997)

Consists of a set of recurrently connected subnets, known as memory blocks
Each block contains one or more self-connected memory cells and three multiplicative units –the input, output, and 
forget gates.
The three gates control the activation of the cell via multiplications 

𝑓: activation function of the gates
𝑔: cell input activation function
ℎ: cell output activation function 



6.3. Forward Pass

I : # inputs 
K : # outputs 
H : # cells in the hidden layer 
C : # cells per a memory 
G : total # inputs to the hidden layer (= 4H) 
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6.4. Backward Pass
Loss function: L

Cell Outputs



Output Gates

States



Cells

Forget Gates

Input Gates




