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Recurrent Neural Networks (RNN)

CNN: parameter sharing in space
CNN̔ ҉῍֣
RNN: parameter sharing in time (suitable for sequences, in particular sequences with variable lengths)
RNN̔ ҉῍֣ ̂ ԍ ↓̆ ῒ ↓̃
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Basics



ÅLearns time dependency gradually:

ӟ ῏



άtǊƻƻŦέ ƎŜƴŜǊŀǘŜŘ ōȅ wbb

ÅTraining data ςan algebraic geometry book ѿ ף ₃ᵥӥẠ



RNN Cף



RNN

ÅUnroll/Unfold a RNN in timeÅSelf feedback loop
RNNRNN



RNN

Å ῀Input: (ѿ a list of vectors)

Å ѿҩ ┴ In each time step: 

Key idea: we use the same set of W weights at all time steps! 
Һ ̔ W 



RNN  Bi-directional RNN

Figure from Graves.   Supervised Sequence Labelling with Recurrent Neural Networks 



RNN Deep Bi-directional RNN



/
Gradient Vanishing/Exploding problem 

ṿ>1̆
ṿ<1̆

Gradient Clipping
LSTM
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Gradient Clipping



keras.layers.recurrent.SimpleRNN(units, activation='tanh', use_bias=True, kernel_initializer='glorot_uniform', 
recurrent_initializer='orthogonal', bias_initializer='zeros', kernel_regularizer=None, 
recurrent_regularizer=None, bias_regularizer=None, activity_regularizer=None, kernel_constraint=None, 
recurrent_constraint=None, bias_constraint=None, dropout=0.0, recurrent_dropout=0.0)

ÅKerasCode

Å ̔

https://keras.io/layers/recurrent/

Tensorflow

https://www.tensorflow.org/api_docs/python/tf/contrib/rnn/BasicRNNCell

class tf.contrib.rnn.BasicRNNCell

https://keras.io/layers/recurrent/


Long Short Term Memory (LSTM)



Overview



Gate ₮ṿ [0,1]ӊ ̆ ԍ └ Ḥ ץ /

Forget Gate ₮ṿ [0,1]ӊ ̆ ԍ └ ╠ץ Ḥ ץ

ὅ ῤ







In many papers, it looks like this
LSTM ῒזpaperҬ

http://christianherta.de/lehre/dataScience/machineLearning/neuralNetworks/LSTM.php

peeholĕ ╠ ᴇ

http://christianherta.de/lehre/dataScience/machineLearning/neuralNetworks/LSTM.php




More compact



An LSTM Network
LSTM

̆ ₮ᵬҹfeedback ῀



How LSTM deal with gradient vanishing problem
LSTM ᵥ ‗

Figure from Graves.   Supervised Sequence Labelling with Recurrent Neural Networks 



Visualizing LSTM
LSTM



Visualizing LSTM

Color: cell state



keras.layers.recurrent.LSTM(units, activation='tanh', recurrent_activation='hard_sigmoid', use_bias=True, 
kernel_initializer='glorot_uniform', recurrent_initializer='orthogonal', bias_initializer='zeros', unit_forget_bias=True, 
kernel_regularizer=None, recurrent_regularizer=None, bias_regularizer=None, activity_regularizer=None, 
kernel_constraint=None, recurrent_constraint=None, bias_constraint=None, dropout=0.0, recurrent_dropout=0.0)

ÅKerasCode

Å ̔

https://keras.io/layers/recurrent/

https://keras.io/layers/recurrent/


GRU (Gated Recurrent Unit)



GRU (Gated Recurrent Unit) 

reset gate 0̆↕ ̆ Ḥ

ԅ ╠ ╠ץ

ὶ └Ὤ ץ Ḥ Ὤ



LSTM and GRU



keras.layers.recurrent.GRU(units, activation='tanh', recurrent_activation='hard_sigmoid', use_bias=True, 
kernel_initializer='glorot_uniform', recurrent_initializer='orthogonal', bias_initializer='zeros', kernel_regularizer=None, 
recurrent_regularizer=None, bias_regularizer=None, activity_regularizer=None, kernel_constraint=None, 
recurrent_constraint=None, bias_constraint=None, dropout=0.0, recurrent_dropout=0.0)

ÅKerasCode

Å ̔

https://keras.io/layers/recurrent/

https://keras.io/layers/recurrent/


Embedding ῀

ÅEmbedding:  Embed a high-dim vector to a low dim space ᵞ

ÅWe first embed each word to a short vector as follows:

Word2Vec is a very popular idea in natural language processing. Check it out for yourself.

Man - Woman + King = ? Answer: Queue. 

One-Ƙƻǘ ǾŜŎǘƻǊ όлΣлΣмΣлΣΧΦΣлΣлύ

Å ѿ ѿҩ ץ ѿҩone-hot , ᶛ
όлΣлΣмΣлΣΧΦΣлΣлύ

Å ᵖ ̆Ҍ ̆
ѿץ Embedding ᵞ

Å W∆ Word2vec ⌠



Embedding ῀

Åhttps://keras.io/layers/embeddings/

keras.layers.embeddings.Embedding(input_dim, output_dim, embeddings_initializer='uniform', 
embeddings_regularizer=None, activity_regularizer=None, embeddings_constraint=None, mask_zero=False, 
input_length=None)

https://keras.io/layers/embeddings/


Example  Kerascode

Åhttps://keras.io/datasets/

ÅIMDB Movie reviews sentiment 
classification

Å Dataset of 25,000 movies reviews from IMDB, labeled by sentiment 
(positive/negative). Reviews have been preprocessed, and each review 
is encoded as asequenceof word indexes (integers). For convenience, 
words are indexed by overall frequency in the dataset, so that for 
instance the integer "3" encodes the 3rd most frequent word in the 
data. This allows for quick filtering operations such as: "only consider 
the top 10,000 most common words, but eliminate the top 20 most 
common words".

Å As a convention, "0" does not stand for a specific word, but instead is 
used to encode any unknown word.

https://keras.io/datasets/
https://keras.io/preprocessing/sequence/


KerasCode https://github.com/fchollet/keras/blob/master/examples/imdb_lstm.py

maxlen: None or int. Maximum sequence length, longer 
sequences are truncated and shorter sequences are 
padded with zeros at the end.

Max #words

Embedding layer: 20000dim -> 128dim

LSTM layer: hidden state 128dim

Output: dense layter, 1d.



Application ςImage Captioning
ς

Deep Visual-Semantic Alignments for Generating Image Descriptions, Karpathy, Li





Some details - Loss function for training

ÅOne could use the cross entropy loss (treating the output, by softmax, as a classification problem, 
i.e., classifying the words) ---
ÅMaximize the log probability assigned to the target labels (e.g., in Karpathyand Li) 

ÅAlso called the perplexity measure (e.g., in Mao et al.) 

Mao et al. Explain Images with Multimodal Recurrent Neural Networks



Some Details - Embedding

ÅEmbedding: We first embed each word to a short vector as follows:

Deep Visual-Semantic Alignments for Generating Image Descriptions, Karpathy, Li

Word2Vec is a very popular idea in natural language processing. Check it out for yourself.

Man - Woman + King = ? Answer: Queue. 



CNN ң ̂ Ҍױ CNNẠ№ ̆ featurẽ



testing ̆ ױ output ̆ ⌠Ҋѿҩ ̆ Ҋѿҩ ᵬҹRNN Ҋѿҩ ῀
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Text Generation - Example
ςף ᶛ
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X, y
X: 3-d tensor (# ̆ ̆# )

Y: 2-d tensor (# ̆ # )

X, y
ᶏ 1-hot vector

̆ѿ LSTM̆ ѿ Densĕ ₮
softmax̆ ҹ# ( len(chars))

loss function ᴨ



̆ Ҋѿҩ
Preds ѿҩprob vector̆

Temperature └
Temperature=1̆ Ӈ preds

Ὡ ȾВὩ

Temp

Ӈ preds 1


