


Decision trees

• Purpose is to expose the structural information 
contained in the data

• Classification trees
– Response variable (class variable) is nominal or categorical 
– E.g. drug A or B
– ID3 (induction decision tree version 3)
– C4.5

• Regression trees
– Response variable (class variable) is continuous
– E.g. income
– CART (classification and regression trees)



Decision Trees
• Decision tree to represent learned target functions

– Each internal node tests an attribute

– Each branch corresponds to attribute value

– Each leaf node assigns a classification

• Can be represented
by logical formulas

Outlook

sunny overcast rain

Humidity Wind

high normal strong weak

No Yes No Yes

Yes
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Representation in decision trees

Example of representing rule in DT’s:

if outlook = sunny AND humidity = normal

OR

if outlook = overcast

OR

if outlook = rain  AND wind = weak

then playtennis
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Outlook

sunny overcast rain

Humidity Wind

high normal strong weak

No Yes No Yes

Yes



Decision Tree for PlayTennis

Outlook

Sunny Overcast Rain

Humidity

High Normal

No Yes

Each internal node tests an attribute

Each branch corresponds to an
attribute value node

Each leaf node assigns a classification



Decision Tree 

Outlook

Sunny Overcast Rain

Wind

Strong Weak

No Yes

No

Outlook=Sunny  Wind=Weak

No



Decision Tree 

Outlook

Sunny Overcast Rain

Yes

Outlook=Sunny  Wind=Weak

Wind

Strong Weak

No Yes

Wind

Strong Weak

No Yes



Decision Tree for XOR

Outlook

Sunny Overcast Rain

Wind

Strong Weak

Yes No

Outlook=Sunny XOR Wind=Weak

Wind

Strong Weak

No Yes

Wind

Strong Weak

No Yes



Decision Tree 

Outlook

Sunny Overcast Rain

Humidity

High Normal

Wind

Strong Weak

No Yes

Yes

YesNo

• decision trees represent disjunctions of conjunctions

(Outlook=Sunny  Humidity=Normal) 
 (Outlook=Overcast)
 (Outlook=Rain  Wind=Weak)



ID3

• Recursive procedure to construct a decision tree 
from data.

• ID3 algorithm assumes that a good decision tree 
is the simplest decision tree
– We should always accept the simplest answer that 

correctly fits our data

– The smallest decision tree that correctly classifies all given 
examples

• The simplest decision tree that covers all 
examples should be the least likely to include 
unnecessary constraints



Important values

I(p,n)= -p log 2 p     – n   log 2 n

• Entropy E(A) = ∑  pi+ni [  I (p,n)  ]

• Gain(A)  = I(p,n) – E(A)

p+n p+n p+n p+n

• Information gain

of the attribute              p+n



Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No

p= yes=9
n=no =5



I(p,n)= -p log p   – n    log n
p+n p+n

• Information gain (IG)  of the table

p= yes=9
n=no =5

I(9,5)= -9 log 9   – 5  log 5
14            14         14             14

I(9,5)= -9 log 0.642 – 5  log 0.357

I(9,5)= -9 log ( 0.642 )  – 5  log  (  0.357  )
log 2                         log 2 

=[ -9(-0.639) ]  /14         - [5 (-1.485)]/14   = 0.941

p+n p+n p+n p+n

14                          14             

14                         14             



• P= yes=9

• N=no =5

Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No



• Entropy E(A) = ∑ pi+ni [  I (pi,ni)  ]

of the attribute           p+n

Sunny         p=2  n=3   I(2,3)=
Overcast    p=4  n=0   I(4,0)=
Rain  p=3  n=2   I(3,2)=

I(p,n)= -p log p   – n    log n
p+n p+np+n p+n p+n p+n

0.970
0

0.970 , same for 3,2 or 2,3

E(outlook)= [(2+3)/(9+5)](0.970)  + 0 + [(3+2)/14](0.970)

= 0.692

p= yes=9

n=no =5

Outlook Tennis?

Sunny No

Sunny No

Overcast Yes

Rain Yes

Rain Yes

Rain No

Overcast Yes

Sunny No

Sunny Yes

Rain Yes

Sunny Yes

Overcast Yes

Overcast Yes

Rain No

E(humidity)= ?
E(wind)= ?
E(temp)= ?

Gain (outlook)= IG - E(outlook) 
= 0.940 – 0.692
= 0.248

Gain (humidity)= ?
Gain(wind)= ?
Gain (temp)= ?

,  if p or n is zero

Outlook p n I(p,n)

Sunny 2 3 0.970

Overcast 4 0 0

Rain 3 2 0.970



• Entropy E(A) = ∑ pi+ni [  I (pi,ni)  ]

of the attribute           p+n

High        p=3  n=4   I(3,4)=
Normal   p=6  n=1   I(6,1)=

I(p,n)= -p log p   – n    log n
p+n p+np+n p+n p+n p+n

?
?

E(humidity)= ?

p= yes=9

n=no =5

Humidity Tennis

?

High No

High No

High Yes

High Yes

Normal Yes

Normal No

Normal Yes

High No

Normal Yes

Normal Yes

Normal Yes

High Yes

Normal Yes

High No

gain(wind)=
gain(temp)=

Gain (humidity)= IG - E(humidity) 
= 0.151 0.045

0.029



Gain (humidity)= IG - E(humidity) 
= 0.151

Gain (outlook)= IG - E(outlook) 
= 0.940 – 0.692
= 0.248

gain(wind)=
gain(temp)=

0.045
0.029

Maximum gain is of 
outlook therefore  tree 
starts from outlook ie. root



Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

p= yes=2

n=no =3

Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No

p= yes=9
n=no =5

T

T sunny



IG(Tsunny) = 

Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

p= yes=2

n=no =3

TEMP p n I(p,n)

Hot 0 2

Mild 1 1

cold 1 0

humidity p n I(p,n)

High 0 3

normal 2 0

wind p n I(p,n)

Weak 1 2

strong 1 1

p+n
Entropy E(A) = ∑ pi+ni [  I (pi,ni)  ]

E(temp)= E(humidity)= E(wind)=

Gain(temp)= IG sunny -E(temp) Gain(humidity)= Gain(wind)=

We find that gain for humidity is max

=0.571                                         0.971                                                                    0.020



p= yes=4

n=no =0

Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No

p= yes=9
n=no =5

T

T overcast

Day Outlook Temp Humidity Wind Tennis?

D3 Overcast Hot High Weak Yes

D7 Overcast Cool Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

All “yes”
Thus leaf node found



p= yes=3

n=no =2

Day Outlook Temp Humidity Wind Tennis?

D1 Sunny Hot High Weak No

D2 Sunny Hot High Strong No

D3 Overcast Hot High Weak Yes

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D7 Overcast Cool Normal Strong Yes

D8 Sunny Mild High Weak No

D9 Sunny Cool Normal Weak Yes

D10 Rain Mild Normal Weak Yes

D11 Sunny Mild Normal Strong Yes

D12 Overcast Mild High Strong Yes

D13 Overcast Hot Normal Weak Yes

D14 Rain Mild High Strong No

p= yes=9
n=no =5

T

T Rain

Day Outlook Temp Humidity Wind Tennis?

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D10 Rain Mild Normal Weak Yes

D14 Rain Mild High Strong No

As humidity is already 
considered we will exclude it.



p= yes=3

n=no =2

TEMP p n I(p,n)

Hot 0 0 0

Mild 2 1

cold 1 1

wind p n I(p,n)

Weak 3 0 0

strong 0 2 0

p+n
Entropy E(A) = ∑ pi+ni [  I (pi,ni)  ]

E(temp)=0.950978 

Gain(temp)= IG sunny -E(temp)= 0.019973 

Wind is the next branch

T Rain

Day Outlook Temp Humidity Wind Tennis?

D4 Rain Mild High Weak Yes

D5 Rain Cool Normal Weak Yes

D6 Rain Cool Normal Strong No

D10 Rain Mild Normal Weak Yes

D14 Rain Mild High Strong No

E(wind)= 0 

Gain(wind)= IG sunny -E(temp)=0.970951 



Example 1:

age competition Type Profit

1 old Yes software down

2 old No Software Down

3 old No Hardware Down

4 Mid Yes Software Down

5 Mid Yes Hardware Down

6 Mid No Hardware Up

7 Mid No Software Up

8 new Yes Software Up

9 new No Hardware Up

10 new No Software Up




