Decision Trees
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Internal Nodes:
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Disjunctive Normal Form (DNF)
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= Prior distribution: [833+, 167-] 0.83+, 0.17-
= Fetal-Presentation = 1: [822+, 167-] 0.88+, 0.12-
Previous-C-Section = 0: [767+, 81-] 0.90+, 0.10-
— Birth-Weight < 3349 0.95+, 0.05-
— Birth-Weight > 3347 0.78+, 0.22-
Previous-C-Section = 1: [55+, 35-] 0.61+, 0.39-
= Fetal-Presentation = 2: [3+, 29-] 0.11+, 0.89-
= Fetal-Presentation = 3: [8+, 22-] 0.27+, 0.73-
C-section: , Fetal_Presentation: s
Primiparous:
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nominal ({red, yellow, green})
quantized ({low, medium, high})
.
discretization, vector quantization
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Build-DT ( Examples, Attributes)
IF THEN RETURN (/abel ) -
ELSE :
IF THEN RETURN ( label ) - Regression trees [Breiman et a/, 1984]
ELSE
.
A -
FOR A v . ( )
A=v f []
IF{xe E'Xézmp/es: XA=V} =@ THEN RETUBN ( label ) . (VLDB) (KDD)
ELSE Build-DT ({x € Examples. x.A = v}, Attributes — {A}) .
? .
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«  Build-DT ( ) . : purity, certainty, regularity, redundancy
greedy heuristic search =
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Gain(D,A)=H(D)- > *H(D,)
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. (e.9., p,=08),1
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Day Outlook Temperature Humidity Wind PlayTennis?
1 Sunny Hot High Light No
2 Sunny Hot High Strong No
3 Overcast Hot High Light Yes
4 Rain Mild High Light Yes
5 Rain Cool Normal Light Yes
6 Rain Cool Normal Strong No
7 Overcast Cool Normal Strong Yes
8 Sunny Mild High Light No
9 Sunny Cool Normal Light Yes
10 Rain Mild Normal Light Yes
11 Sunny Mild Normal Strong Yes
12 Overcast Mild High Strong Yes
13 Overcast Hot Normal Light Yes
14 Rain Mild High Strong No
s /D3= Build-DT Gain(*)

D3
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[9+,5]
Day Outlook Temperature _Humidity Wind PlayTennis?

Sunny ot 9 Light o
Sunn Hot g Strong No
Overcast Hot g ght Yes i
Rain iid fl Light Yes High Normal
Rain Cool jormal ght Yes C—ﬁ Cﬁ
Rain Cool jormal Strong No [3+, 4] [6+ 1]
Overcast Cool ormal Strong Yes
Sunny Mild High ght No

unn Cool jormal Light Yes [9+, 5]
Rain iid ormal Light Yes

unn iid ormal Strong Yes

vercast iid High Strong Yes
Overcast Hot ormal Light Yes Light Stron
Rain iid High Strong No 9 9

( ) : 9+, 5-

H(D) = -(9/14) Ig (9/14) - (5/14) Ig (5/14) bits =0.94 bits
H(D, Humidity =High) = -(3/7) Ig (3/7) - (4/7) Ig (4/7) =0.985 bits
H(D, Humidity =Normal) = -(6/7) g (6/7) - (1/7) Ig (1/7) =0.592 bits
Gain(D, Humidity) = 0.94 — ( (7/14) * 0.985 + (7/14) * 0.592 ) = 0.151 bits
, Gain (D, Wind) = 0.94 — ( (8/14) * 0.811 + (6/14) * 1.0 ) = 0.048 bits

Gain(D,A)=- H(D)fma%w[%m([)v )}
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Day Outlook Temperature _Humidity Wind PlayTennis?
Sunny Hot Hig Light o
Sunny Hot Hig Strong No
Overcast Hot Hig| Light Yes
Rain ild Hig Light Yes
Rain Cool jormal Light Yes
Rain Cool jormal Strong No
Overcast Cool jormal Strong Yes
Sunn Mild High Light No
Sunny’ Cool jormal Light Yes
Rain ild iormal Light Yes
Sunn ild jormal Strong Yes
Overcast ild High Strong Yes
Overcast Hot jormal Light Yes
Rain ild High Strong No
:log (0/a) =0

Gairn(Ds,,,,, Humidity) = 0.97 - (3/5) * 0 - (2/5) * 0 = 0.97 bits
Gair(Ds,,,,, Wind) = 0.97 - (2/5) * 1 - (3/5) * 0.92 = 0.02 bits
Gair(Dg,,,,, Temperature) = 0.57 bits

Day Outlook Temperature Humidity Wind PlayTennis?
Sunn! Hot Hig| Light No
Sunn Hot Hig| Strong No
Overcast Hot Hig| Light Yes
Rain ild Hig| Light Yes
Rain Cool lormal Light Yes
Rain Cool lormal Strong No.
Overcast Cool jormal Strong Yes
Sunny Mild High Light No
Sunn; Cool jormal Light Yes
Rain ild lormal Light Yes
Sunny lild lormal Strong Yes
Overcast ild High Strong Yes
Overcast Hot lormal Light Yes
Rain ild High Strong No
= Gain(D, Humidity) = 0.151 bits [9+,5]
« Gain(D, Wing) = 0.048 bits
= Gain(D, Temperature) = 0.029 bits .
) . Sunny Overcast Rain
= Gain(D, Outlook) = 0.246 bits |
( ) C2n31) Cito) (B2
. =100%
. s = 100% ?
«  Gain(D, A) <0 ?
Day Outlook Temperature Humidity Wind PlayTennis?
Sunn: Hot gl ght No
Sunn Hot Il Strong No
Overcast Hot gl ght Yes
Rain ild gl ght Yes
Rain Cool ormal ght Yes
Rain Cool ormal rong No
vercast Cool ormal rong Yes
unn. Mild High ght No
unn Cool ormal ght Yes
ain ild ormal ght Yes
unn ild ormal Strong Yes
vercast ild High trong Yes
Overcast Hot ormal ight Yes
Rain ild High Strong No
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N Decision Trees (DTs)
= H X ( ) = Boolean : (i.e., Boolean-valued)
. = 2 .
= ( )
( )
: (e.g.., by )
Gair(+): ID3 " -
. c HD)
- o3 . A Gain (D, A)
. s , ,____versus . ,
H ( : kCNF, etc.) . Heuristic
. Build-DT: greedy (

. = /D3: Gain() Build-DT

Decision Trees (DTs)
« Boolean (o) e {+,-})

Build-DT:
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