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Recurrent Neural Networks (RNN)
递归神经网络

CNN: parameter sharing in space
CNN：在空间上共享参数
RNN: parameter sharing in time (suitable for sequences, in particular sequences with variable lengths)
RNN：在时间上共享参数（适合于序列，尤其是变长序列）



Basics

序列情感

图像序列
机器翻译

视频分类



Basics

字符级语言模型



• Learns time dependency gradually:

逐渐学习时间的相关性



“Proof” generated by RNN

• Training data – an algebraic geometry book 用一本代数几何书做训练数据



RNN生成的C代码



RNN

• Unroll/Unfold a RNN in time• Self feedback loop
RNN按时间展开RNN自反馈循环



RNN

• 输入Input: (一组向量 a list of vectors)

• 在每一个时刻 In each time step: 

Key idea: we use the same set of W weights at all time steps! 
主要思想：在所有时间用同样的权重W 



双向RNN  Bi-directional RNN

Figure from Graves.   Supervised Sequence Labelling with Recurrent Neural Networks 



深度双向RNN Deep Bi-directional RNN



梯度消失/爆炸问题
Gradient Vanishing/Exploding problem 

如果最大特征值>1，梯度爆炸
如果最大特征值<1，梯度消失

用Gradient Clipping处理梯度爆炸问题
用LSTM处理梯度消失问题



梯度消失/爆炸问题
Gradient Vanishing/Exploding problem 
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梯度消失/爆炸问题
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梯度消失/爆炸问题
Gradient Vanishing/Exploding problem 



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)

• Keras Code

• 参数见：

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)
长短记忆模型



Overview



Gate 输出值在[0,1]之间，用于控制有多少信息可以流过/忘记

Forget Gate 输出值在[0,1]之间，用于控制有多少以前的信息可以流过

𝐶𝑡是记忆的内容







In many papers, it looks like this
LSTM在其他paper中的形式

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

如果没有peehole，和我前面讲的等价

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




精简矩阵形式 More compact



An LSTM Network
LSTM网络

该图并未随时间展开
因此，输出作为feedback喂给输入



How LSTM deal with gradient vanishing problem
LSTM如何解决梯度消失问题

Figure from Graves.   Supervised Sequence Labelling with Recurrent Neural Networks 



Visualizing LSTM
LSTM可视化



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)

• Keras Code

• 参数见：

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

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


GRU (Gated Recurrent Unit)



GRU (Gated Recurrent Unit) 

如果reset gate是0，则忽略过去的记忆，只记录新的信息

最终记忆结合了当前的记忆和以前的记忆

𝑟𝑡控制ℎ𝑡−1是否可以影响新的信息  ℎ𝑡



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)

• Keras Code

• 参数见：

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

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


Embedding 嵌入

• Embedding:  Embed a high-dim vector to a low dim space 将高维向量映射成低维向量

• We 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-hot vector (0,0,1,0,….,0,0)

• 一般一个词可以表示成一个one-hot向量, 例
如 (0,0,1,0,….,0,0)

• 但该向量维数太高，不宜直接喂给神经网络，
所以一般要通过Embedding映射成低维向量

• 通常W初始化成Word2vec得到的结果



Embedding 嵌入

• https://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  Keras code

• https://keras.io/datasets/

• IMDB Movie reviews sentiment 
classification

• Dataset of 25,000 movies reviews from IMDB, labeled by sentiment 
(positive/negative). Reviews have been preprocessed, and each review 
is encoded as a sequence of 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".

• 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/


Keras Code 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 – Image Captioning
应用 – 生成图片说明

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





Some details - Loss function for training

• One could use the cross entropy loss (treating the output, by softmax, as a classification problem, 
i.e., classifying the words) ---

• Maximize the log probability assigned to the target labels (e.g., in Karpathy and Li) 

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

Mao et al. Explain Images with Multimodal Recurrent Neural Networks



Some Details - Embedding

• Embedding: 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. 



去掉CNN的最后两层（我们不需要用CNN做分类，只要取它高层的feature）



在testing阶段，我们对output采样，得到下一个词，然后将下一个词作为RNN的下一个输入



采样到结束符<end>为止



Text Generation - Example
文本生成 – 代码示例



生成尼采的作品

读取尼采的文本作为训练数据

建立词的字典



建立训练数据 X, y
X: 3-d tensor (#句子，句子长度，#词)

Y: 2-d tensor (#句子， #词)

建立训练数据 X, y
都使用1-hot vector

建立网络，一层LSTM，一层Dense，最后输出
是softmax，维数为#词 (即len(chars))

指定loss function和优化方法



子过程，采样下一个词
Preds是一个prob vector，

Temperature控制采样的平均程度
如果Temperature=1，那么就按preds指定的概率采样

采样概率𝑒
log 𝑎𝑖

𝑇 / 𝑗 𝑒
log 𝑎𝑗

𝑇

Temp越小越平均

那么就按preds指定的概率采样1次



• （

训练模型

生成文本的起始词，在
text中的位置

Sentence是在text中的一句
话，起始词是start_index

X是目前sentence的1-hot vector 表示（可以堪称
maxlen个dim=len(chars)的1-hot vectors）

Preds是模型的预测，即网络的输出（dim=len(chars)）

按preds向量制定的概率采样下一个词

将下一个词拼到目前生成的句子上

接着目前的sentence，再生成400个词



• Awesome RNN: a lot of useful references
• https://github.com/kjw0612/awesome-rnn

• Some slides borrowed from cs231n, cs224d at Stanford

http://cs231n.stanford.edu/syllabus.html

http://cs224d.stanford.edu/index.html


