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• Input: training set X, Y; testing set X
•Output: Y = f (X), or P(Y|X) 
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• Output: Y = f (X), or P(Y|X) 

X y=f(x) Y

¢ÂÄ|B



ŘÌéd

�c|B



ď®édƕÖŋ

���Agent�

�A

®� ¬�

G.�­Ã�!

�\ n4�A



ď®édƕÖŋ

�A

®�

G.bµ.

��K�Å3¬-�<h�
yxvE0�

https://yoast.com/how-

to-clean-site-structure/

�\

¬�

n4�A

���Agent�



ŘÌédfòĪȽv Ł

�A

®� ¬�

G.

)o½#

��Áiv�)o

)o½(
¬- =	π(	®� )

¬-§/%�



édqÐũ

�A

®� ¬�

G.


��¬-



édqÐũ

�A

®� ¬�

G.

H~©+,	G. =	1

H~F¶,	G. =	-1

=ECo`&
G. =	0

��K�Å3¬-
�<h�yxvE
0�



édqÐũ

•ƖƜéd/

•ď®éd


��:

“5-5”


��:

“3-3”

¸�� ……	¢£¸C�…… ©+!

Alpha	Go	/8��K� +	X0K�.

»É¦SK�

��Î�K�

(
����¹OV.)



źĈď®éd



•ūČǰ¥hǙǶkAIBBMZV BMKWOV7B7WVij÷ŊȖȌǪ

ƱŘƐŁéīŗŅųŜƞƪūČƕǖ¬ÞƍÈ£ǹɌ

ūČǰ¥

Low-level 
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selection

Inference: 
prediction, 
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8	layers

19	layers

22	layers

AlexNet (2012) VGG	(2014) GoogleNet (2014)

16.4%

7.3%

6.7%

http://cs231n.stanford.e

du/slides/winter1516_le

cture8.pdf



AlexNet

(2012)

VGG	

(2014)

GoogleNet

(2014)

152	layers

3.57%

Residual	Net	

(2015)

16.4%

7.3% 6.7%
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Input:

•&CB>CB/ A>IB7IT�BMU>WZIT >IBBMZVA
• GP7KP IZMIA IZM 7V BPM AIUM A>IB7IT >IBBMZVA2 �+B&&G'",0�
• GPIB BMU>WZIT >IBBMZVA MF7AB 7V CZ0IV BZINN7K2 �2!0,!&�
• :WE BZINN7K WKKCZA 0MBEMMV A>IB7IT >IBBMZVA E7BP L7NNMZMVB BMU>WZIT
>IBBMZVA2 �28%4,"B'+ �8,/88' 6B&&G'",0 4'7 D!0,!&�

Urban	big	data
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Taxi	GPS	in	Beijing Beijing	Map Beijing	POI

Input:

Tools:

Regularized	Non-negative	Tensor	
Decomposition

Output:

Spatio-temporal	

patterns
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OD	network

Tensor

A	ODT	tensor
Time	evolving	 	

OD	network
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ODT
tensor

Core	
tensor

O projection	
Matrix

D projection	
Matrix
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Urban	zones Urban	communities
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Urban	rhythmUrban	traffic



min

BMOCTIZ7bML�?WV�VMOIB7DM�DCKSMZ�6MKWU>WA7B7WV

• 4IA7K�DCKSMZ�LMKWU>WA7B7WV

• 0�#86,".8�9G'6,"B'��� 

•5PITTMVOM
• FITCMA�7V�BPM�BMVAWZ�7A�DMZa�A>IZAM��WVTa�- �VWV�bMZW�
MTMUMVBA�
• EZ0IV�BZINN7K�>IBBMZVA�PIDM�KTWAM�ZMTIB7WVA�E7BP�CZ0IV�
KWVBMFB!�ACKP�IA�A&!	�

ODT	tensor O	Matrix T	Matrix

Core	tensor D	Matrix
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min
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• 87VIT�W0RMKB7WV�NCVKB7WV�

•:CUIV�UW07T7Ba�IVL�CZ0IV�KWVBMFB�IZM�RW7VBTa�
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Model	urban	

contextual	

information	 (POI)

Model	 traffic	

information

Make	results	

sparse

Make	results	

non-negative
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there exist a number of local patterns (spatio-temporal 
trends) in the spatio-temporal input matrix

Spatio-temporal	
trends

Convolution layer: using several 
filters to 
convolute the 
input matrix

Pooling layer: using average pooling 
to down sampling the 
convolution neuro 
matrix
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ARIMA: Auto Regression Integrated Moving Average; SVR: Support Vector Regression; SAE: Stacked Auto Encoders; 
1D-CNN: 1D Convolutional Neural Network; CNN: Convolutional Neural Network
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