DECISION TREE
@ (ID3 ALGORITHM)

(Numerical)




DECISION TREE
AND ID3
ALGORITHM




©OONOOURWNERZ

10
11
12
13
14

MAKE A DECISION TREE THAT PREDICTS WHETHER
TENNIS WILL BE PLAYED ON THE DAY?

O

Outlook Temperature Humidity

Sunny
Sunny
Overcast
Rainy
Rainy
Rainy
Overcast
Sunny
Sunny
Rainy
Sunny
Overcast
Overcast
Rainy

Hot
Hot
Hot
Mild
Cool
Cool
Cool
Mild
Cool
Mild
Mild
Mild
Hot
Mild

High
High
High
High
Normal
Normal
Normal
High
Normal
Normal
Normal
High
Normal
High

Windy
Weak
Strong
Weak
Weak
Weak
Strong
Strong
Weak
Weak
Weak
Strong
Strong
Weak
Strong

PlayTennis
No
No
Yes
Yes
Yes

No
Yes

No
Yes
Yes
Yes
Yes
Yes

No



decision nodes root node

salary at least
$50,000

than 1 hour

Decision Tree:
Should | accept a new
job offer?

leaf nodes



WHAT IS
DECISON
TREE?




A DECISION TREE IS A
TREE WHERE EACH
NODE REPRESENTS A
FEATURE (ATTRIBUTE),
EACH LINK (BRANCH)
REPRESENTS A
DECISION (RULE) AND
EACH LEAF REPRESENTS
AN OUTCOME.

root node

salary at least
550,000
commute more decline
than 1 hour offer

decline
offer

decision nodes

leaf nodes

decline
offer



ALGORITHMS

/\

CART ID3

®
GINI INDEX e ENTROPY FUNCTION

® INFORMATION GAIN
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STEP1: CREATE A ROOT NODE

e HOW TO CHOOSE THE ROOT NODE?

The attribute that best classifies the training data, use this

attribute at the root of the tree.



STEP1: CREATE A ROOT NODE

e HOW TO CHOOSE THE ROOT NODE?

The attribute that best classifies the training data, use this

attribute at the root of the tree.

e HOW TO CHOOSE THE BEST ATTRIBUTE?

So from here, ID3 algorithm begins



e Calculate Entropy (Amount of uncertainity in dataset):

)

It

| —p p n
Ent _ .! logs
ropy p+n ﬂgﬂ':er-n} p+n ﬂg'{p—l—ﬂ

e Calculate Average Information:

I Attribute) = ;E; : : Entropy( A)

e Calculate Information Gain: (Difference in Entropy before and
after splitting dataset on attribute A)

Gain = Entropy(S) — I( Attribute)



1.COMPUTE THE ENTROPY FOR DATA-SET ENTROPY(S)

2.FOR EVERY ATTRIBUTE/FEATURE:
1.CALCULATE ENTROPY FOR ALL OTHER VALUES ENTROPY(A)
2.TAKE AVERAGE INFORMATION ENTROPY FOR THE CURRENT ATTRIBUTE
3.CALCULATE GAIN FOR THE CURRENT ATTRIBUTE

3. PICK THE HIGHEST GAIN ATTRIBUTE.

4. REPEAT UNTIL WE GET THE TREE WE DESIRED.
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e Calculate Entropy(S):

—p P mn (s
Ent = [ logs
ntropy = o (m ) — o lege (e

)

-9 9 D 2

Entropy(S) = ] 5Eﬂgg[g ) 9 Eﬁﬂg:*{g 5:'

i)

Entropy(S) = Ijﬂﬂgg{%] ifﬂgﬂ%} = 0.940




e For each Attribute: (let say Outlook)

e Calculate Entropy for each Values, I.e for 'Sunny’, 'Rainy’,'Overcast’

Outlook PlayTennis Outlook PlayTennis Outlook PlayTennis
Sunny No Rainy Yes Overcast Yes
Sunny No Rainy Yes Overcast Yes
Sunny No Rainy No Overcast Yes
Sunny Yes Rainy Yes
sunny Yes Rainy NG Overcast Yes
Outlook p n Entropy

sunny 2 3 0971
Rainy 3 2 0.971
Overcast 4 0 0



Calculate Entropy(Outlook='Value'):

r

Entropy = P logs ( 4 ) " logs ( )

P+ n p+n p+n p+n

E (Outlook=sunny) = —Elug (E) - %lng (%) = 0.971

—_—
F
=B

E (Outlook=overcast) =—1log(1) — 0log(0) =0

.

E (Outlook=rainy) = —glug (i) — E]ug(;) =4.97]



e Calculate Average Information Entropy:

F.‘i WTiTely 1 ﬂ'.":: EEFETLLY

PTn

I{Outlook) = Entropy(Outlook = Sunny)-

Fr'ufuﬁ Neyging .
~ Entropy(OQutlook = Rainy)

p+n

POwvercast T T vercast

Entropy(Outlook = Ouvercast)
p+n

34 2 2+ 3 440
0.971 - « 0.971 0 =
9+5 T 918 "9+5 " 0.693

I(Outlook) =



e Calculate Gain: attribute 1s Outlook

Gain = Entropy(S) — I( Attribute)

Entropy(S) = 0.940

Gain(Outlook) = 0.940 — 0.693 = 0.247



e For each Attribute: (let say Temperature)

e Calculate Entropy for each Temp, I.e for 'Hot', 'Mild' and 'Cool’

Temperature PlayTennis

Temperature PlayTennis Mild Ves Temperature: PlayTennis
Hot No Mild No Cool Yes
Hot No o ves Cool No
Hot Yes Mild Yes Cool Yes
Hot Yes Mild Nao Cool Yes
Temperature D n Entropy

Hot 2 2 1

Mild - 2 0.918

Cool 3 1 0.811



e Calculate Average Information Entropy:

Phot T Nhot

Entropy(Temperature = Hot)
p+n

I(Temperature) =

Pmild T Temild

Entropy(Temperature = Mild)+
P+ n

Pcool T Mool

I Entropy(Temperature = Cool)
0+ n

I(T ture) St A2 o018 2L L0811 == 0.011
emperature) = % — * (). * (). === ().
9+ 5 9+ 5 9+ 5




o Calculate Gain: attribute Is Temperature

Gain = Entropy(S) — I( Attribute)

Entropy(S) = 0.940

GGain(T'emperature) = 0.940 — 0.911 = 0.029



e For each Attribute: (let say Humidity)

e Calculate Entropy for each Humidity, 1.e for 'High', ‘Normal’

Humidity PlayTennis Humidity PlayTennis
Normal Yes High MNo
Normal MO High MNo
Normal Yes High Yes
Normal Yes High Yes
Normal Yes High NO
Normal Yes High Yes
Normal Yes High NO

Humidity D n Entropy
High 3 4 0.985

Normal 6 1 0.591



e Calculate Average Information Entropy:

PHigh -+ TLHigh

I{ Humaidity) = Entropy( Humidity = High)

p+mn

PNormal T MNormal
j’} ~ TL

Entropy( Humidity = Normal)

i (.98 o+ ] D.091 == 1758
* O 1 *= U.d = N |
9+ 5 J+ 5

I Humaidity) =



o Calculate Gain: attribute Is Humidity

Gain = Entropy(S) — I( Attribute)

Entropy(S) = 0.940

GGain( Humidity) = 0.940 — 0.788 = 0.152



e For each Attribute: (let say Windy)
e Calculate Entropy for each Windy, I.e for 'Strong' and 'Weak’

Windy PlayTennis Windy PlayTennis

Weak No

Weak Yes >trong NG

Weak Yes | Strong MO

Weak Yes Strong Yes

Eeat ‘::m Strong Yes
ed g5

Weak Vos Strong Yes

Weak Ves Strong MNO
Windy D n Entropy
Strong 3 3 1

Weak 6 2 0.811



e Calculate Average Information Entropy:

PSirong = MStron g

I(Windy) = Entropy(Windy = Strong)+

p+n

PWeak + MW eak
D+ n

Entropy(Windy = Weak)

* U811 == 0.892

o -9
[(Windy) — S : w1 - E —



e Calculate Gain: attribute Is Windy

Gain = Entropy(S) — I( Attribute)

Entropy(S) = 0.940

GGain(Windy) = 0.940 — 0.892 = 0.048



® PICK THE HIGHEST GAIN ATTRIBUTE.

Attributes Gain
Outlook 0.247
Temperature 0.029
Humidity 0.152
Windy 0.048

ROOT NODE:
OUTLOOK



Outlook Temperature Humidity

Overcast Hot High
Overcast Cool Normal
Overcast Mild High
Overcast Hot Normal

Windy PlayTennis

Weak Yes
strong Yes
Strong Yes
Weak Yes

further splitting
necessary

Outlook is selected |
as the root note @

sunny overcast

r 1

—

Outlook = overcast

contains only
examples of class ves

rain



® REPEAT THE SAME THING FOR SUB-TREES TILL WE GET

THE TREE.
Outlook Temperature Humidity Windy PlayTennis
Sunny Hot High Weak No OUTLOOK ="SUNNY"
sunny Hot High Strong No
sunny Mild High Weak No
sunny Cool Normal Weak Yes
sunny Mild Normal Strong Yes
Outlook Temperature Humidity Windy PlayTennis
Rainy Mild High Weak Yes
Rainy Cool Normal Weak Yes OUTLOOK = "RAINY"
Rainy Cool Normal Strong No
Hainy Mild MNormal Weak Yes

Hainy Mild High strong No



Outlook Temperature Humidity Windy PlayTennis
sunny Hot High Weak No
Sunny Hot High Strong No P= N=
sunny Mild High Weak No
sunny Cool Normal Weak Yes 2 3
Sunny Mild Normal Strong Yes Total=
5
® ENTROPY:
— T ("
Entropy = 4 logs ( 4 ) loga( )
prn prn prn p+rn
2 2 3 3
Eﬂ'trﬂﬁy{gﬁwmw} — E':"H.E Ii } E‘jﬂﬂ I.r . }

243 24+ 3 2+ 3 2+ 3

=>0.971



e For each Attribute: (let say Humidity):

e Calculate Entropy for each Humidity, 1.e for 'High' and 'Normal’

Outlook Humidity PlayTennis -
Humidity D n Entropy

sunny High MNoO :
sunny High MNo high 0 : L
sunny High No norma 2 U U
sunny Normal Yes
sunny Normal Yes

o Calculate Average Information Entropy: [(Humidity) = 0

e Calculate Gain: Gain = 0.971



e For each Attribute: (let say Windy):
e Calculate Entropy for each Windy, I.e for 'Strong' and 'Weak’

Outlook Windy PlayTennis Windy D n Entropy
sunny Strong MNo Strong 1 1 1
Sunny Strong Yes Weak 1 2 0918
sunny Weak MNO

sunny Weak Mo

sunny Weak Yes

e Calculate Average Information Entropy: [(Windy) = 0.951

e Calculate Gain: Gain = 0.020



e For each Attribute: (let say Temperature):

e Calculate Entropy for each Windy, I.e for 'Cool', 'Hot' and 'Mild’

Outlook Temperature PlayTennis

Temperature p n Entropy
sunny Cool Yes Cool 1 0 0
sunny Hot No Hot 0 ’ 0
sunny Hot MO Mild 1 1 1
sunny Mild MNO
sunny Mild Yes
e Calculate Average Information Entropy: I(Temp) = 0.4

e Calculate Gain: Gain = 0.571



® PICK THE HIGHEST GAIN ATTRIBUTE.

Attributes Gain
Temperature 0571
0,971
Windy 0.02

NEXT NODE IN SUNNY:
HUMIDITY



Outlook Humidity PlayTennis

sunny High MO
sunny High MO
sunny High MO
sunny Normal Yes
sunny Normal Yes

| Humidity is selected |

normal

\\,_
_ further splitting
A . | necessary
: i

Pure leaves
—+ No further expansion necessary




Outlook Temperature Humidity Windy PlayTennis

Rainy Mild High Weak Yes P= N=
Rainy Cool Normal Weak Yes
Rainy Cool Normal Strong NO Tgtal - 5 2
Rainy Mild Normal Weak Yes
Rainy Mild High Strong No

e ENTROPY:

T

P p n
Entropy = p—l—nmgﬂp—l—n} P—I—nmgg{ﬁ—l—n]
3 3 2 2

=>0.971



e For each Attribute: (let say Humidity):

e Calculate Entropy for each Humidity, 1.e for 'High' and 'Normal’

Outlook Humidity PlayTennis Attribute D n Entropy

Rainy High Yes High 1 1 1
Rainy High No Normal 2 1 00918
Rainy Normal Yes

Rainy Normal MNO

Rainy Normal Yes

e Calculate Average Information Entropy:  [(Humidity) = 0.951

e Calculate Gain: Gain = 0.020



e For each Attribute: (let say Windy):
e Calculate Entropy for each Windy, I.e for 'Strong' and 'Weak’

Outlook Windy PlayTennis

Rainy Strong Na Attribute p n Entropy

Rainy Strong No Strong U 2 0
Rainy Weak Yes Weak 3 0 0
Rainy Weak Yes
Rainy Weak Yes

o Calculate Average Information Entropy: [(Windy) =0

e Calculate Gain: Gain = 0.971



e For each Attribute: (let say Temperature):

e Calculate Entropy for each Windy, I.e for 'Cool', 'Hot' and '‘Mild’

Outlook Temperature PlayTennis  Attribute D n Entropy

Rainy Mild Yes Cool 1 1 1
Hainy Cool Yes - N0a18
Rainy Cool No Mild . . 918
Rainy Mild Yes

Hainy Mild MNO

o Calculate Average Information Entropy: I(Temp) = 0.951

e Calculate Gain: Gain = 0.020



® PICK THE HIGHEST GAIN ATTRIBUTE.

Attributes Gain

Humidi 0.02
0971

Temperature 0.02

NEXT NODE IN
RAINY:

Vv N 17




Final decision tree

outlook

no yes yes no







