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–  7(>,7,'$ 0<(4.4.3$ ,D(+A7,9$ K40=$ 2&<<,20$ <,9A&.9,9$
_0(<3,09`$(<,$A<&S4','$

–  >(9,'$&.$0=,$0<(4.4.3$9,0M$0=,$(73&<40=+$!"#"$%&'(")*0&$
<,9A&.'$2&<<,207)$0&$(77$A&994>7,$4.A609$

•  _J&+,`$5,0=&'9E$$
– a4'',.$ 5(<L&S$ 5&',79M$ L8*,(<,90$ *,43=>&<9M$
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•  H4.,(<$
– Decision trees 
– Naïve Bayes 

•  *&.$H4.,(<$
– K-nearest neighbors 
– Neural Networks 

H4.,(<$Z7(99$J,A(<(0&<9$$
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! going to pub!
! watching TV!
! going to a party!
! Studying          !
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Party?!

Deadline?!

 Lazy?!

 Study! Watch TV!

Go To Pub! Study!

 Go to Party!
Yes No 

None Urgent 
Near 

Yes No 

#U 

Z&.90<62/.3$;,2494&.$%<,,9$
•  ?647'$($0<,,$4.$($3<,,')$+(..,<$90(</.3$(0$0=,$
<&&0$$

•  Z=&&9,$0=,$+&90$4.C&<+(/S,$C,(06<,$(0$,(2=$
90,A$>)$2&+A6/.3$0=,$,.0<&A)$

•  -9/+(0,$=&K$+62=$0=,$,.0<&A)$&C$0=,$K=&7,$
0<(4.4.3$9,0$K&67'$',2<,(9,$4C$($A(</267(<$
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! 

H (p) = " pi log2 pi
i
#

! 

Gain(S,F) = Entropy(S)"
| Sf |
| S |f #values (F )

$ Entropy(Sf )

set of examples! #of members 
of S that 
have value f 
for feature F!

possible feature!
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b(7L0=<&63=$-D(+A7,$

! 

Entropy(S) = "ptrue log2 ptrue " p false log2 pfalse

= "
1
4
log2

1
4
"
3
4
log2

3
4

= 0.5+ 0.311= 0.811

"73&.H&IJ(5K'7)&L"M& 67(3927&LH>M& 67(3927&LH;M& 67(3927&LHNM& O93,.57&

9#$ O$ #$ O$ %<6,$

9!$ O$ #$ O$ N(79,$

9]$ O$ O$ #$ N(79,$

9T$ #$ O$ O$ N(79,$

#d 

b(7L0=<&63=$-D(+A7,$

! 

Gain(S,F) = Entropy(S)"
| Sf |
| S |f #values (F )

$ Entropy(Sf )
#of members 
of S that 
have value f 
for feature F!possible feature!

set of examples!

"73&.H&IJ(5K'7)&L"M& 67(3927&LH>M& 67(3927&LH;M& 67(3927&LHNM& O93,.57&
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9!$ O$ #$ O$ N(79,$

9]$ O$ O$ #$ N(79,$

9T$ #$ O$ O$ N(79,$
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| Sf1 |
| S |

Entropy(Sf1 ) =
1
4
" #

0
1

$ 

% 
& log2

0
1
#
1
1
log2

1
1
' 

( 
) = 0

| Sf2 |
| S |

Entropy(Sf2 ) =
2
4
" #

1
2

$ 

% 
& log2

1
2
#
1
2
log2

1
2
' 

( 
) =
1
2

| Sf3 |
| S |

Entropy(Sf3 ) =
1
4
" #

0
1

$ 

% 
& log2

0
1
#
1
1
log2

1
1
' 

( 
) = 0
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Gain(S,F) = Entropy(S)"
| Sf |
| S |f #values (F )

$ Entropy(Sf )
#of members 
of S that 
have value f 
for feature F!possible feature!

set of examples!

"73&.H&IJ(5K'7)&L"M& 67(3927&LH>M& 67(3927&LH;M& 67(3927&LHNM& O93,.57&

9#$ O$ #$ O$ %<6,$

9!$ O$ #$ O$ N(79,$

9]$ O$ O$ #$ N(79,$

9T$ #$ O$ O$ N(79,$

! 

Gain(S,F) = 0.811" (0+ 0.5+ 0) = 0.311
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I.&0=,<$Z7(994:2(/&.$-D(+A7,$
•  H490$,S,<)0=4.3$0=(0$)&6$=(S,$'&.,$C&<$0=,$A(90$
C,K$'()9$0&$3,0$($',2,.0$'(0(9,0$

P7(?'*/7Q& @)&34727&(&K(23:Q& C(R:Q& 0,-E*3:&

Q<3,.0$ i,9$ i,9$ @(<0)$

Q<3,.0$ *&$ i,9$ J06')$

*,(<$ i,9$ i,9$ @(<0)$

*&.,$ i,9$ *&$ @(<0)$

*&.,$ *&$ i,9$ @6>$

*&.,$ i,9$ *&$ @(<0)$

*,(<$ *&$ *&$ J06')$

*,(<$ *&$ i,9$ %X$

*,(<$ i,9$ i,9$ @(<0)$

Q<3,.0$ *&$ *&$ J06')$
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T&17/72(37&9/?72)3(/?(8'7&29'7)&

T&K2.E*?7&(&,'7(2&*/?*,(-./&.H&U4*,4&
H7(3927)&(27&5.)3&*5K.23(/3&H.2&
,'())*+,(-./&

!./)&

8 &722.2&K2./7&*/&59'-V,'())&,'())*+,(-./&
(/?&)5(''&/95872&.H&32(*/*/1&7J(5K'7)&

8 &,.5K93(-./('':&7JK7/)*E7&3.&32(*/&
L/77?&3.&,.5K(27&(''&K.))*8'7&)K'*3)W&(/?&
(').&87,(9)7&.H&K29/*/1M&

O(NlogN) tree construction!
O(logN) to return particular leaf!

*&.$H4.,(<$_,DE$!%*,(<,90$*,43=>&<$̀
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•  Z7(994:2(/&.$<67,E$$
–  0&$ 27(994C)$ ($ .,K$ &>\,20M$ :.'$ 0=,$ &>\,20$ 4.$ 0=,$
0<(4.4.3$9,0$0=(0$49$+&90$94+47(<$

–  0=,.$ (9943.$ 0=,$ 27(99$ &C$ 0=49$ .,43=>&<$ 0&$ 0=,$ .,K$
&>\,20$

•  !$*,(<,90$*,43=>&<E$
– 2&.9670$!$.,(<,90$.,43=>&<9$
– ',2494&.$ >(9,'$ &.$ +(\&<40)$ 2(0,3&<)$ &C$ 0=,$
.,43=>&<$$

#8*,(<,90$*,43=>&<$

!]$

Class1 

Class2 

Unclassified 
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!T$

Class1 

Class2 

Unclassified 

2=&&9,$0=,$
2(0,3&<)$&C$0=,$
+(\&<40)$&C$0=,$
$.,43=>&<9$

>60$K(40M$$
0=49$&.,$49$27&9,<$

T8*,(<,90$*,43=>&<$e$

!U$

Class1 

Class2 

Unclassified 

B0$49$3&&'$C&<$0=,$S(76,$&C%!$0&$>,$&''$0&$(S&4'$/,9$
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•  H,(<.4.3$49$\690$90&<4.3$0=,$<,A<,9,.0(/&.9$&C$
0=,$0<(4.4.3$,D(+A7,9P$

•  %,9/.3$4.90(.2,$#$E$
– 2&+A60,$ 94+47(<40)$ >,0K,,.$ #$$ (.'$ (77$ 0<(4.4.3$
,D(+A7,9$$

–  0(L,$S&0,$(+&.3$#$$$!$.,(<,90$.,43=>&6<9$
– (9943.$ #$$ K40=$ 0=,$ 2(0,3&<)$ &C$ 0=,$ +&90$ 94+47(<$
,D(+A7,$4.$&%

J4+47(<40)$Z&+A60(/&.$
•  *,(<,90$.,43=>&<$+,0=&'$69,9$94+47(<40)$_&<$
'490(.2,`$+,0<42P$

•  c4S,.$0K&$&>\,209$#$(.'$'$>&0=$K40=$($S(76,9$
$ $ $ $$

$ $ $ $$

2(7267(0,$0=,$-6274',(.$'490(.2,$(9$

!d$
! 

d(x,y) = xi " yi
2

i=1

p

#2

  

! 

x = x1,x2,…,xn( )
  

! 

y = y1,y2,…,yn( )
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I.$-D(+A7,$
*)S72)./X(57& *)!(K*3('*R7?& *)C*E*/1& 37(,47)!"#$$&

j&<.409($k&G(<,S($ #$ #$ #$ ),9$

QJZ$ O$ #$ O$ .&$

,'6(<'$=&S)$ #$ O$ #$ ),9$

(.'$ O$ O$ O$ .&$

!R$

! 

d(ZornitsaKozareva,USC) = (12 + 0+12 )2 =1.41

! 

d(ZornitsaKozareva,and) = (1+1+1)2 =1.73

! 

d(ZornitsaKozareva,eduardhovy) = (0+12 + 0)2 =1

What does the score mean?!

!$*,(<,90$*,43=>&6<9$$

!h$

S2.)&

T&2.89)3&

T&)*5K'7&

T&32(*/*/1&*)&E72:&H()3&L)3.2*/1&7J(5K'7)M&

!./)&

V&?7K7/?)&./&)*5*'(2*3:&57()927&Y&GVXX)&

8 &7()*':&H..'7?&8:&*227'7E(/3&(Z2*8937)&

8 &,.5K93(-./('':&7JK7/)*E7&
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*,D0$Z&6A7,$&C$H,206<,9$
•  @,<2,A0<&.$

•  @6l.3$5(2=4.,$H,(<.4.3$4.0&$A<(2/2,$8$*-1$

•  %)A,9$&C$N,(06<,9$(.'$N,(06<,$c,.,<(/&.$

•  J,+48J6A,<S49,'$I73&<40=+9$

•  B.0<&'62/&.$0&$b,L($

•  a&+,K&<L$m!$


