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Recurrent Neural Network
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Back-Propagation Through Time (BPTT) 
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Vanishing Gradient Problem
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• Exponential decayed error message
• Long-term dependency cannot be learned
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Weight Conflict Problem
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Two conflict roles of 𝑾𝒊𝒏

• Absorb useful signal 𝒙𝒕
• Reject harmful noise 𝒙𝒕'𝟏
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(signal) (noise)

𝑊 a%

Two conflict roles of 𝑾𝒐𝒖𝒕

• Reject useless memory of 𝒙𝒕 for 𝒑𝒕'𝟐
• Retrieve useful memory of 𝒙𝒕 for 𝒑𝒕'𝒏

𝑥%'N𝑥%',𝑥%'(𝒙𝒕

(𝒙𝒕 is signal)(𝒙𝒕 is noise)
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Treating Vanishing Gradient: Constant Error Carrousel (CEC)
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Problem with this idea

• No non-linearity (network won’t be powerful)

CEC



Treating Wight Conflict: Gating Function
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Learn

1. what to store in the memory

2. what to retrieve from the memory

Core Idea

𝑖𝑛% = 	  𝑓%eN ⊗ 𝑥%	  

Gated Output

Gated Input

𝑜𝑢𝑡% = 	  𝑓%`a% ⊗ 𝑐%

• 𝑓%eN is the input gating function

• 𝑓%eN e	  	   ∈ 0,1 	   (each element within [0,1])

• 𝑓%`a% is the output gating function

• 𝑓%`a% e	  	   ∈ 0,1 	   (each element within [0,1])

(⊗à element-wise multiplication)



CEC + Gates è Long-Short Term Memory (LSTM)
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Non-linearity

𝜙 tanh 𝜎 sigmoid
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Constant Error Carrousel (CEC)1

LSTM Cell BlockPure RNN



Why LSTM solves the problem
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Experiment 3: two-sequence problem

Bengio, Yoshua, Patrice Simard, and Paolo Frasconi. "Learning long-term dependencies with gradient descent is difficult.” 11
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Experiment 4 & 5: adding/multiplication problem
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Experiment 6: temporal order problem
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Introducing Forget Gate
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Output GateInput Gate

Memory Cell

𝑖%'( = 𝜎(𝑀eq𝑥%'( +𝑀eVℎ%)
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Gers, Felix A., Jürgen Schmidhuber, and Fred Cummins. "Learning to forget: Continual prediction with LSTM."



Thanks & Questions
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