
� � � � � � �

	 � � � � � � � � � � � � � � � � � � � � �  � � � �

	 $ � & ' �  � � � � )  ' ) � � � � + ,

	 - � � � � � 1 2 $ � 4 � � ,  � � � � )  � �

	 8 9 � � : � � � � )

<

� � � � � � � � � � � � 	 � � �  � � � � � � � �

Outlook

Overcast

Humidity

High Normal

No Yes

Wind

Strong Weak

No Yes

Yes

RainSunny

�

� � � � � � � � � � � � �

� � � 	 
 	  � � � � � � � � � � 
 � � � � � 	  � �

� � � � � 	 � � � � � � ! �  � � � � 
 � 
 � � � � � � 	 � � � �

� � � � � � � � � � � �  � � � 
 �  � � 
 �  � � � � 	 � � � � & � ! � �

� � � � � ! � � ' �  � � � 
 
 	 ( � 
 � � ! � 
 
 	 * � � � 	  �

	  � �  � ! � � � � � � � � 
 � � � �

� � � � � � + �

� � � � � � � � � � � � �  �

� !  ' #

,

� � � � � � � � � � � � � � � � � � � � � � � � � �

� � 
 � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � �

� � � � " � � % � 
 � � � & 
 � � � � � � � � � � � � � � � �

� ) � � 	 � 
 � � � � � * � ! & � * � � � � , � � � � � � � � � � � �

�  & � � � � � � 
 & � � � � � � � 
 � 
 " � � � �

- � � , ! � � � �

� � � � � � � � � � � " 
 & � � �

� � � � � � � � � � � � 
 � � � � � �

� � & � � � � 
 " � � � � 
 � � � � � * � � � � � 
 " ! � � % � � � 
 � � �

�

� � � � � � 	 
 � 
 � � � � � � 
 � � � � � � � � � 
 � � � � �

� � � � � � � � �

	  � ! 
 � � " � � � 
 $ � � � � � � � � � 
 
 � � � � 
 � � � � � � � 
 � & ( �

�  ) � � � � � � � � � � � � � � � � � 
 
 � � � � 
 � � � � � & ( �

�  + � � � � � � � � � � � � � � ! � � � � 
 � � � � � � � � � � � � � 
 � �

� & ( �

�  - � � 
 
 � � � � � � � � � � % � � � � 
 � � � � � � � � � �

.  & � 
 � � � � � � � � � � % � � � � � � � � � � 
 � ' � � � � � � ) � � ! � � � �

- � * � ! + � � � � 
 � � � 
 � � � � � � � � � � � � � � � � �

/ � � � � � 
 
 � � � � 
 � � � � � � 
 1

A1=? A2=?

ft ft

[29+,35-] [29+,35-]

[21+,5-] [8+,30-] [18+,33-] [11+,2-]

.

� � � � � � �
E

nt
ro

py
(S

)

1.0

0.5

0.0 0.5 1.0p
+

� � � � � � � � 	 �  � � � � � � � � � �  � � � 	 �  �

� � 	 � � � �  	 � � 	 � � � � � � � � 	 � � � � � �   � � � 	 �  � � � �

� � 
 � � � �  	 � � 	 � � � � � � � � �  � � � � �   � � � 	 �  � � � �

� # � � � � 	 ' �  � � � �  � � �  � � 	 � � � � ' � � �

� �  � � � � � � � � � � 	 � � � � � 	 � � 
 � � � � � 


�



� � � � � � �

� � � � � 	 � � 
 � � � � � � � � � � 	 � � � �  � � � � � � 	 � � � � � � �

� 	 � � � � � � � � � � � �  � � � �  � 	 � � � � � �  � 	 	

� � � � �  � � 
 � � 	 � �  � � � � � � � � � � " � � �  � � � � � � � 	 % � �

� � � � �

� � � �

' 	 � �  � � � � � 	 � � � �  � � � � � � � � � � � 	 % � � � � � � � � � � % 	 �

� � � % � 	 � � � � � � � � � � � % � � � ) � 	 % �  � � � � � � � � � 	 �

� � " � � � � � � � � 	 � � � �  � � � � � � � � � 	 � � � � � �  � � �

 � 	 � � � � � � � �  � � 
 �

	 � � � � � % � 	 � � � 	 � � � � � % � 	 � �

� � � � � 	 � � 
 � � � 	 � � � % � 	 � � 	 � � � % � 	 �

	

� � � � � � � � � � � � � � �

� � � 	 � � � � � � � � � � 
 � � � � � � � 
 � � � � � � � � � � � � � � � � � �

� � � � � � � � � �

� � � 	 � � � � � � � 	 � � � � 
 � � � � �

� 	 �  � � � � � � �
� � � �

� � � � 	 � � � � 
 � � � �

A1=? A2=?

ft ft

[29+,35-] [29+,35-]

[21+,5-] [8+,30-] [18+,33-] [11+,2-]

�

� � � � � � � � � � � � � � � �

� � � 	 � �  � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � �

� � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � �

� " 	 # � � $ � � � � � � � � � � � � � � � � �

� � � � � � � �  � � � � � � � � � � � �

� � � � � � � � �  � � � � �  � � � � � � �

� � � � � � � � �  � � � � �  � � � � � � � �

� � 	 # � � $ � � � � � �  � � � � �  � � � � � � � � �

� � � � � � � � �  � � � � � � � � � � �

� � � � � � � � � �  � � � � �  � � � � � � �

� � � � � � � � �  � � � � � �  � � � � � � �

� � � � � � � � � �  � � � � � �  � � � � � � � � �

� � � 	 # � � $ � � � � �  � � � � � � � � � � � � � �

� � " 	 # � � $ � � � � � � � � � � �  � � � � � � �

� � � � � � � � �  � � � � � � � � � � � � �

�

� � � � � � � � � � � � � � � � � � � � � � 	 � �

High Normal

Humidity

[3+,4-] [6+,1-]

Wind

Weak Strong

[6+,2-] [3+,3-]

Which Attribute is the Best Classifier?

E=0.985

E=0.940E=0.940

E=0.592 E=0.811 E=1.00

Classifying examples by Humidity provides more information gain than by Wind

  = .940 - (7/14).985 - (7/14).592
  = .151

  = .940 - (8/14).811 - (6/14)1.0
  = .048

S:[9+,5-] S:[9+,5-]

Gain(S,Humidity) Gain(S,Wind)

� �

Outlook

Sunny Overcast Rain

[9+,5-]

{D1,D2,D8,D9,D11} {D3,D7,D12,D13} {D4,D5,D6,D10,D14}

[2+,3-] [4+,0-] [3+,2-]

Yes

{D1, D2, ..., D14}

? ?

Gain(      ,Temperature)= .970 - (2/5)0.0 - (2/5)1.0 - (1/5)0.0 = .570Ssunny

Gain(      ,Wind)= .970 - (2/5)1.0 - (3/5).918 = .019Ssunny

Which attribute should be tested here?

Ssunny = {D1,D2,D8,D9,D11}

Partially Learned Decision Tree

Gain(      ,Humidity)= .970 - (3/5)0.0 - (2/5)0.0 = .970Ssunny

� �

� � � � � � � � � � � � � � � � � � � � � � � � � �

...

+ − + +

A1

+ − + −

A2

A3

+

...

+ − + −

A2

A4
−

+ − + −

A2

+ − +

... ...

� �



� � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � 	 �  � � � � � � �  � � � � � � �  	  �

� � � � �  	 � �  � 	 � �  � � �  � � �  	 �  �  � � �

� & � 	 � � 	 � � � �  � �  � � � � 	 �  � � � � � � � � � �   � �

� � �  � 	 � � � � � � � �  � 	 � �  � � � �

� � � � � � � 	 � � � � �  �

� � � � � � � �  � � � � � �

� � 	 � 	 � � � � � � � � � � � �  � �  � � � � � � � � �  �

� � � � � � 	 	 �  � � � � � � 	 � � � �

� +  � � � 	 � -  � � � � � � � � � � � � � �  �  � � � � � 	  � 	 	 �   �

. /

� � � � � � � � � � � � � � � � � � � � � � � � �

� 
 � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �  � � � � � � 
 � �  � � � � � � � �
� � �

� � � � � � � " � 
 � � � � � � � � � � � � �

Outlook

Overcast

Humidity

High Normal

No Yes

Wind

Strong Weak

No Yes

Yes

RainSunny

� �

� � � � � � � � � �

� � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � ! � 
 � 
 $ � ! � ! � � � � � � � �
� � � � � �

� � 
 � � � � � � � � � � � � � � � 
 
 � � � ! � ! � � � � � � � � � �

	 � � � � � � � � � �  � � � � � � � � � � ! � 
 � 
 $ � ! � ! � � � � � � � � �

! 
 ! * � � � 
 ! � � � � � � � � � � � � � � � �  � � � + � � � ! �

� � � � � � �
� � � � � � � � � � � � � �
� � � � � � �

� � �

� � � � � � � � �  � � � � � � � � � �

, �

� � � � � � � � � � � � � � 	 � � �  � � � � � � � � � � � � �

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0 10 20 30 40 50 60 70 80 90 100

A
cc

ur
ac

y

Size of tree (number of nodes)

on training data
on test data

� �


