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I —) = ID3
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. overfitting overlearning
| |
. Classifiers
. ( ): attribute ( feature)
. Internal Nodes:
. : (e.g., “Wind = ?) n
L]
. Branches: ( )
. (e.g., “Wind = Strong”, “Wind = Light") [
. Leaves: ( Class Labels) .
PlayTennis n
= and, or, exclusive or,,,
» (ANB)V(Cr—DNE)
= Mof N
‘ High ‘ ‘ Normal ‘ ‘ Strong ‘ ‘ Light ‘
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| |
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Disjunctive Normal Form (DNF) = Prior distribution: [833+, 167-] 0.83+, 0.17-
< (Sunny n Normal-Humidity) v Overcast v (Rain n Light-Wind) = Fetal-Presentation = 1: [822+, 167-] 0.88+, 0.12-
PlayT Previous-C-Section = 0: [767+, 81-] 0.90+, 0.10-
aytennis - Primiparous = 0: [399+, 13-] 0.97+, 0.03-
- Primiparous = 1: [368+, 68-] 0.84+, 0.16-
Fetal-Distress = 0: [334+, 47-] 0.88+, 0.12-
— Birth-Weight < 3349 0.95+, 0.05-
- - - Birth-Weight > 3347 0.78+, 0.22-
[Hion | [Normal] [strong | [ tignt | Fetal-Distress = 1: [34+, 21] 0.62+, 0.38-
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:




nominal ({red, yellow, green})
quantized ({low, medium, high})

. vector
Mitchell
+ +
+ -
+ - C
X
|
Build-DT ( Examples, Attributes)
IF THEN RETURN (/abe/ )
ELSE
IF THEN RETURN ( label ) Regression trees [Breiman et a/, 1984]
ELSE
A
FOR A v . ( )
A=v N
IF {x € Examples: x.A= v} = @ THEN RETURN ( label ) ) (koD)
ELSE Build-DT ({x e Examples: x.A= v}, Attributes — {A})
?
[29+, 35 [29+, 35
0 0 ( classification noise = H attribute noise
= )
True False
Criv51) (8+301) Cusns3)) Cmin2))
“ ” N
| |
. ( )
. : consistent —— burity:
impurity ( disorder):
.
. consistent (i.e., ) NP-hard impurity, uncertainty, irregularity, ___ surprise
= Build-DT ( ) purity, certainty, regularity, redundancy
greedy heuristic search
. s H={0,1}, P
@ )
differential entropy ( )
. % :
. ( ) Py=0)=1,P(y=1)=0 10

J. R. Quinlan
information gain
D3

Py=1)=1, P(y=0)=0
?

Py=0)=05, P{y=1)=05
: / / /

S ")

H(p) = Entropy(p)

p.=Prly=+)




Gain(D, A) <0 2

. .
= D {<x, AX)>, <Xp AX)>, ... <X, AX,)>} D ___ partition D
= Pe=PAAX) = H), po= PAAX) =) A ;
. .
" P A D information gain of D relative to attribute A, A
- D + - b P ! .|
Gain(D,A)=-H(D)- “leH(D,
= D ¢ : ( ) ¢ ) vrva\zu;sm) ‘D‘ ( V)
=-p,lo ),) - p.log ),
, HD) = -p.log,(p.) - p.log, () D, {xeDxA=w D 4 y
. ? . o,
. (b=2  bits, b=e  nats, ) .
. (p.=05) [20+, 35]
. (6. p,=08),1 0
True False
Crv51) ((8+301) Cusns3)) Cmin2))
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Day Outlook Wind Temperature _Humidity.
ot
Sunny Light No
Sunny ST T— L s
Overcast Hot High Light Yes ain oo} orma} ght s
4 Rain id High Light Yes verzzr | Cool ormal ong o
5 Rain Coo! Normal Light Yes ﬁ:: g‘;‘:‘ Hl;rhma\ H:: 0 0.5
6 Rain Coo Normal Strong No ain Mild lormal ;m 9+ 5]
7 Overcast Coo Normal Strong Yes o mg f’g’;‘“a‘ ;g;g
Sunn Mild High Light No 1 hi
Sunn§ Cool Nogrma L ght Yes :‘E"mas‘ m“‘ ?gr:‘a ?“;‘—‘
0 Rain Mill Normal Light Yes . ( ) 29+, 5-
(Sjl\l/z?g’as‘ m:: ui"gf;“a 2::2:3 i: . HD) = -(9/14) Ig (9/14) - (5/14) Ig (5/14) bits =0.94 bits
Overcast ot Normal Light Ves = H(D, Humidity =High) = -(3/7) Ig (3/7) - (4/7) Ig (4/7) =0.985 bits
2 Rain Mild High Strong No « (D, Humidity =Normal) = -(6/7) Ig (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
= ID3= Buila-DT Gair+) . . Gain (D, Wind) = 0.94 - (8/14) * 0.811 + (6/14) * 1.0 = 0.048 bits
[l D3 ? D,
Gain(D,A)=-HD)- > ! V‘-H(Dv}
vevdasw| [P
| |
. - (
Outlook Outlook Humidity Wind PlayTennis?
unny ight No
n trong
vercast gt
ain ight
ain ight
an trong
vercast rong
unny ight
unny ight
ild i o T oo
vercast Mild ligh rong vercast trong
Overcast Hot lormal ight vercast ight
ain Mild igh rong No ain trong
= Gain(D, Humidity) = 0.151 bits - log (0/a) = 0
+ Gain(D, Wind) = 0.048 bits + g O@)=0 )
. Gain(D, Temperature) = 0,029 bits Y v Gain(Ds,py,, Humidlty) = 0.97 - (3/5) * 0 - (2/5) * 0 = 0.97 bits
_ sam(ov Outlooty = 0,246 bits « Gain(Ds,py,, Wind) = 0.97 - (2/5) * 1 - (3/5) * 0.92 = 0.02 bits
’ ) . - = GainDs,,,, Temperature) = 0.57 bits
( )
. ,
.
. = 100% o)
. ) =100% 2 ) '




Outlook ‘Temperature PlayTenn
Sunn Hot h ght o
S Hot igh rong o
vercast Hot igh ght
n Mild igh ght
ain Cool jormal aht
ain Cool jormal Strong o
vercast Cool Normal Strong €
unn Mild igh ght
unn ‘Cool jormal ght
ain ild ormal ight
unn Mild jormal rong
vercast Mild igh rong
Overcast Hot jormal ght s
ain ild igh rong o

4,5,6,10,14
[3+,2-]

3,7,12,13
[4+,0-]

Normal Strong Light

( No ) ( Yes ) ( No ) ( Yes )
1,28 9,11 6,14 4,510
[0+,3-] [2+,0-] [0+,2-] [3+,0-]

[4]

| ID3
|

Pros: B
Cons: H
= Tradeoff
heuristic (
greedy
. D,

( )
( consistent )
NP-hard
)
hill-climbing (gradient “descent”).
P P.

| ID3
|

- H X ( )
. = ?
( )
Gain(+): ID3
= /D3
H ( : k-CNF, etc.)

Decision Trees (DTs)

= Boolean :
. c
. A
Heuristic
. Build-DT:
= /ID3:

(i.e., Boolean-valued)

(e.g.., by )

D HD)
Gain (D, A)

' versus n

greedy ( )
Gain() Build-DT

Decision Trees (DTs)
=« Boolean (a(X) € {+, -})

Build-DT:

. : A
( )
= /D3= Build-DT  Gain(+)
1D3: ( )
Heuristic Search




