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机器学习 ≈ 寻找一个函数
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机器学习框架
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神经网络的变体
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示例应用程序

•NOPQ

I would like to leave Xiamen on November 2nd.
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Xiamen
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OR
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示例应用程序

p通过前馈神经网络解决填空问题?
n 输入: a word (每个单词都被表示成一个向量)

x1 x2

y2y1

Xiamen
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1-of-N encoding

p 如何将每个单词表示成一个词向量?

apple = [ 1 0 0 0 0]
bag = [ 0 1 0 0 0]
cat = [ 0 0 1 0 0]
dog = [ 0 0 0 1 0]

elephant = [ 0 0 0 0 1]

• STUVWXYZ[
• \]^V(_`XYaB
b]cX

• d]XB^VW1@ef
W0

XY = {apple, bag, cat, dog, elephant}1-of-N Encoding
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Beyond 1-of-N encoding

w = “apple”
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p 通过前馈神经网络解决填空问题?
n 输入：a word (每个单词都被表示成一个向量)
n 输出：输入单词属于空位的概率分布

示例应用
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place
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Xiamen

November 2nd
!"

I would like to leave Xiamen on November 2nd.
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示例应用程序

x1 x2Xiamen

leave Xiamen on November 2nd

other otherplace time time

November 2nd

place

LM<=89
JK

place
y1

time
y2

Problem?

leave Hangzhouon



14

循环神经网络（RNN）

x1 x2JKcgaBhijkl
mnb]op

y1 y2

qrsBotuvwJ
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store

a1 a2

leave Xiamen

I leave
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循环神经网络（RNN）

store store

x1 x2 x3

y1 y2 y3

a1

a1 a2
a2 a3

xyB<=z{|}

leave Xiamen on November 2nd

Probability of
“arrive” in each slot

Probability of  
“Xiamen” in each slot

Probability of  
“on” in each slot
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循环神经网络（RNN）

store
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a1
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……

……
leave Xiamen

Prob of “leave”  
in each slot

Prob of “Xiamen”  
in each slot

Prob of “arrive”  
in each slot

Prob of “Xiamen”  
in each slot

arrive Xiamen

Different

The picture can't be displayed.The picture can't be displayed.
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当然，它可以是深层网络 …
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双向 RNN
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Memory  
Cell

Long Short-term Memory (LSTM)

Input Gate

Output Gate

Forget
Gate

Other part of the network

Other part of the network

MNOP
the output gate
(Other part of
the network)

M N O P
the input gate
(Other part of
the network)

MNOP
the forget gate
(Other part of  
the network)

LSTM

��LMg�?:  
4 inputs
1 output
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LSTM
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vector
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zzizf zo 4 vectors
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LSTM
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Multiple-layer LSTM
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RNN结构
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Learning Target

copy copy

x1 x2 x3

y1 y2 y3

Wi

a1

a1 a2
a2 a3

leave Xiamen on November 2ndTraining  
Sentences: other otherplace

0 0 00

other other
… 1 …

place

0 … 1 … 0 … 1 …

time time
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Learning

RNNB��w��aW����B

𝑤←	𝑤 −	𝜂𝜕𝐿 ∕ 𝜕𝑤 x1 x2

2y1y
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Backpropagation  
through time (BPTT)

copy

𝑤
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更多应用

x1 x2 x3

y1 y2 y3

a1

a1 a2
a3

leave Xiamen on November 2nd

Probability of
“leave” in each slot

Probability of  
“Xiamen” in each slot

Probability of  
“on” in each slot

op�ot�W�xUVB��

RNN ij��zB��!
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Many to one

• QRS+TUVW0XYQZ[S+TUV
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Many to Many (输出较短)

l l l

Trimming

m m m m mWhy can’t it be
“lmm”

Input:

• QR;QZnSW0, YQZopq
• E.g. rs34

Output: “lm” (character sequence)

(vector  
sequence)

Problem?
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learning

Many to Many (No Limitation)

• QR;QZnStuvw#W0 → Sequence to sequence
learning

• E.g.xyz{ (machine learning→xy|})

m
achine

x y |

……

……
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} t �
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learning

Many to Many (没有限制)

• QR;QZnStuvw#W0→ Sequence to sequence
learning

• E.g.xyz{ (machine learning→xy|})

m
achine

x }y |

��+T��“===“ (�)
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One to Many

• QR12XYQZ+&0��

QR
12

a woman is

……
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CNN
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Demo

p Image Captioning
n https://www.captionbot.ai

p Prof. Cheng WANG
p皮卡丘
p皮卡
p Selfie Lisa !

https://www.captionbot.ai/
https://information.xmu.edu.cn/__local/8/3E/33/39E4CFE33635C7771B7843DE868_DB34523F_2A0C9.png
https://img.4gamers.com.tw/ckfinder/images/TangBao/1812/19-pikachu-01.jpg
http://auto.epochtimes.com/uploaded_files/2016/1-26/2fc8057742664b969a34e3f6c1cc3162.jpg
http://n6.cmsfile.pg0.cn/group4/M00/01/AF/CgoOFVm4eQ-AIFi_AAGJW44MXbY053.jpg
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应用：视频字幕生成
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Demo

p Sketch-RNN
n https://magenta.tensorflow.org/assets/sketc

h_rnn_demo/index.html
n Cat and Fish

https://magenta.tensorflow.org/assets/sketch_rnn_demo/index.html
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循环神经网络模型

p 时序扩展
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Recurrent Neural Network



39

39

Hopfield 
networks

J. Hopfield

1982 1986

Jordan 
Network

Elman
Network

1990

J. Elman

BPTT

P. Werbos

Hochreiter & 
Schmidhuber

LSTM

1997

Schuster & Paliwal

BRNN

A. Graves

Neural turing machine

2014

Cho, et al

GRU

M. Jordan

*+,80-90./0
1234'5678
9:;<=

>+,90-20100
?LSTM@ABRNN
CDE1FGH>I
JKL

MN,2010 -0O8
PQ'
RSTUO8
VWXYBZ[\]
B8^_`ab

Stack RNN

2015

Joulin & Mikolov

cdefg'
Theano
Torch
PyBrain
TensorFlow
,,,

RNN发展历史
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Recurrent Neural Network

p RNN基本框架

e.g. Image Captioning
image -> sequence of 
words

e.g. Sentiment 
Classification
sequence of words -> 
sentiment

e.g. Machine Translation
seq of words -> seq of 
words

e.g. Video 
classification on frame 
level



41

Recurrent Neural Network

p 典型应用：图像标注
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Recurrent Neural Network

p 典型应用：语言生成
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Recurrent Neural Network

p 典型应用：音乐作曲
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循环神经网络模型

p softmax
l SoftmaxB7SsigmoidB7#+TØÙXÀÚ
`ÉÛÜÝ�Þ^hßà#QZáXÛQRâã
ä�å#æç 
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循环神经网络模型

p 简单循环网络SRN
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循环神经网络模型

o 随时间反向传播算法BPTT
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循环神经网络模型

o 随时间反向传播算法BPTT



48

ÜE� GH= XÕ IGH= ;: XGHº&

+0JK� L&M&N&#KO PQXR`ÉST�=:&#'

(7KXtFU VWSÚ7XY

AZC% õ&�=:&#*w [\X

]�\^È_Øc`abö 

D% õc �=:&#*w;

56

7

8

R`É% �=:&#'(K 

[\��

%;Fc 

循环神经网络模型

o 随时间反向传播算法BPTT
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循环神经网络模型

o 随时间反向传播算法BPTT
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f7\ò: 
Whv:QRá�ghá#ëìf7X
Whh:ghá�ghá#ëìf7X
Woh:ghá�QZá#ëìf7X
bh: ghá#'iVX
bo :QZá#'iVX
h0: b_jk#ghá#QZX
+lm_Ò0 

循环神经网络模型

o 随时间反向传播算法BPTT
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no#pq�

l*wrôpq
l*wstpq

uv,w�

l>?Üx#yzB7 ¡¢ReLU 
l{R|ÓÄÅ.}#xPX¡¢LSTMXGRU 
l]��#~r��?Æ�Ý�^�##6SLSTM 

递归神经网络模型

o 随时间反向传播算法BPTT
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End


