
Exercises	



	
	

Naive	Bayes	Classifier	



Play-tennis	example.	es8ma8ng	P(xi|C)	

Outlook Temperature Humidity Windy Class
sunny hot high false N
sunny hot high true N
overcast hot high false P
rain mild high false P
rain cool normal false P
rain cool normal true N
overcast cool normal true P
sunny mild high false N
sunny cool normal false P
rain mild normal false P
sunny mild normal true P
overcast mild high true P
overcast hot normal false P
rain mild high true N

outlook 

P(sunny|p) = P(sunny|n) =  
P(overcast|p) =  P(overcast|n) = 
P(rain|p) =  P(rain|n) = 
temperature 

P(hot|p) =  P(hot|n) =  
P(mild|p) =  P(mild|n) =  
P(cool|p) =  P(cool|n) =  
humidity 
P(high|p) =  P(high|n) =  
P(normal|p) =  P(normal|n) =  
windy 
P(true|p) =  P(true|n) =  
P(false|p) =  P(false|n) =  

P(p) = 9/14 

P(n) = 5/14 

P(p) = 

P(n) =  



Play-tennis	example.	es8ma8ng	P(xi|C)	

Outlook Temperature Humidity Windy Class
sunny hot high false N
sunny hot high true N
overcast hot high false P
rain mild high false P
rain cool normal false P
rain cool normal true N
overcast cool normal true P
sunny mild high false N
sunny cool normal false P
rain mild normal false P
sunny mild normal true P
overcast mild high true P
overcast hot normal false P
rain mild high true N

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) =  P(hot|n) = 
P(mild|p) =  P(mild|n) =  
P(cool|p) =  P(cool|n) =  
humidity 
P(high|p) =  P(high|n) =  
P(normal|p) = P(normal|n) =  
windy 
P(true|p) = P(true|n) =  
P(false|p) = P(false|n) =  

P(p) = 9/14 

P(n) = 5/14 

P(p) = 

P(n) =  



Play-tennis	example.	es8ma8ng	P(xi|C)	

Outlook Temperature Humidity Windy Class
sunny hot high false N
sunny hot high true N
overcast hot high false P
rain mild high false P
rain cool normal false P
rain cool normal true N
overcast cool normal true P
sunny mild high false N
sunny cool normal false P
rain mild normal false P
sunny mild normal true P
overcast mild high true P
overcast hot normal false P
rain mild high true N

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) =  P(high|n) =  
P(normal|p) =  P(normal|n) =  
windy 
P(true|p) =  P(true|n) =  
P(false|p) =  P(false|n) =  

P(p) = 9/14 

P(n) = 5/14 

P(p) = 

P(n) =  



Play-tennis	example.	es8ma8ng	P(xi|C)	

Outlook Temperature Humidity Windy Class
sunny hot high false N
sunny hot high true N
overcast hot high false P
rain mild high false P
rain cool normal false P
rain cool normal true N
overcast cool normal true P
sunny mild high false N
sunny cool normal false P
rain mild normal false P
sunny mild normal true P
overcast mild high true P
overcast hot normal false P
rain mild high true N

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = P(true|n) =  
P(false|p) =  P(false|n) =  

P(p) = 9/14 

P(n) = 5/14 

P(p) = 

P(n) =  



Play-tennis	example.	es8ma8ng	P(xi|C)	

Outlook Temperature Humidity Windy Class
sunny hot high false N
sunny hot high true N
overcast hot high false P
rain mild high false P
rain cool normal false P
rain cool normal true N
overcast cool normal true P
sunny mild high false N
sunny cool normal false P
rain mild normal false P
sunny mild normal true P
overcast mild high true P
overcast hot normal false P
rain mild high true N

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	
	
P(X|n)·P(n)	=		
	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	
	
P(X|n)·P(n)	=	P(rain|n)·P(hot|
n)·P(high|n)·P(false|n)·P(n)	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	
	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	·	
3/9	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	·	
3/9	·	6/9	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	·	
3/9	·	6/9	·	9/14	=	0.010582	
	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 ?	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	·	
3/9	·	6/9	·	9/14	=	0.010582	
	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	2/5	·	2/5	·	4/5	·	2/5	·	5/14	=	
0.018286	



Play-tennis	example.	es8ma8ng	P(xi|C)	

outlook 

P(sunny|p) = 2/9 P(sunny|n) = 3/5 
P(overcast|p) = 4/9 P(overcast|n) = 0 
P(rain|p) = 3/9 P(rain|n) = 2/5 
temperature 

P(hot|p) = 2/9 P(hot|n) = 2/5 
P(mild|p) = 4/9 P(mild|n) = 2/5 
P(cool|p) = 3/9 P(cool|n) = 1/5 
humidity 
P(high|p) = 3/9 P(high|n) = 4/5 
P(normal|p) = 6/9 P(normal|n) = 1/5 
windy 
P(true|p) = 3/9 P(true|n) = 3/5 
P(false|p) = 6/9 P(false|n) = 2/5 

P(p) = 9/14 

P(n) = 5/14 

Outlook	 Temeprature	 Humidity	 Windy	 Class	

rain	 hot	 high	 false	 N	

P(X|p)·P(p)	=	P(rain|p)·P(hot|p)·	
P(high|p)·P(false|p)·P(p)	=	3/9	·	2/9	·	
3/9	·	6/9	·	9/14	=	0.010582	
	
	
P(X|n)·P(n)	=		
P(rain|n)·P(hot|n)·P(high|n)·P(false|
n)·P(n)	=	2/5	·	2/5	·	4/5	·	2/5	·	5/14	=	
0.018286	



k-Nearest	Neighbor	Classifier	
	

Similarity	provided	by	an	expert	



	
	

Classify	the	new	instance	q	=	(high;	no;	no;	no)	
by	applying	the	KNN	algorithm	with	K=1,2,3	



Calculate	the	similarity	between	all	cases	from	the	case	base	and	the	
new	instance	q	=	(high;	no;	no;	no)	
c1	=	(no;	no;	no;	no):		
Sim(q;	c1)	=	0.3*0.0	+	0.2	*1.0	+	0.2*1.0	+	0.3*	1.0	=	0.70	
	

c2	=	(average;	no;	no;	no):	
Sim(q;	c2)	=	0.3*	0.3	+	0.2	*1.0	+	0.2*1.0	+	0.3*1.0	=	0.79	
	

c3	=	(high;	no;	no;	yes)	
Sim(q;	c3)	=	0.3*1.0	+	0.2*1.0	+	0.2*1.0	+	0.3*0.2	=	0.76	
	

c4	=	(high;	yes;	yes;	no):	
Sim(q;	c4)	=	0.3*1.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.68	
	

c5	=	(average;	no;	yes;	no):	
Sim(q;	c5)	=	0.3*0.3	+	0.2*1.0	+	0.2*0.2	+	0.3*1.0	=	0.63	
	

c6	=	(no;	yes;	yes;	no):	
Sim(q;	c6)	=	0.3*0.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.28	
	

c7	=	(average;	yes;	yes;	no):	
Sim(q;	c7)	=	0.3*0.3	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.47	



KNN	Classifica8on	for	K=1	
	
c1	=	(no;	no;	no;	no):		
Sim(q;	c1)	=	0.3*0.0	+	0.2	*1.0	+	0.2*1.0	+	0.3*	1.0	=	0.70	
	

c2	=	(average;	no;	no;	no):	
Sim(q;	c2)	=	0.3*	0.3	+	0.2	*1.0	+	0.2*1.0	+	0.3*1.0	=	0.79	
	

c3	=	(high;	no;	no;	yes)	
Sim(q;	c3)	=	0.3*1.0	+	0.2*1.0	+	0.2*1.0	+	0.3*0.2	=	0.76	
	

c4	=	(high;	yes;	yes;	no):	
Sim(q;	c4)	=	0.3*1.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.68	
	

c5	=	(average;	no;	yes;	no):	
Sim(q;	c5)	=	0.3*0.3	+	0.2*1.0	+	0.2*0.2	+	0.3*1.0	=	0.63	
	

c6	=	(no;	yes;	yes;	no):	
Sim(q;	c6)	=	0.3*0.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.28	
	

c7	=	(average;	yes;	yes;	no):	
Sim(q;	c7)	=	0.3*0.3	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.47	

Class:	Influenza	



KNN	Classifica8on	for	K=2	
	
c1	=	(no;	no;	no;	no):		
Sim(q;	c1)	=	0.3*0.0	+	0.2	*1.0	+	0.2*1.0	+	0.3*	1.0	=	0.70	
	

c2	=	(average;	no;	no;	no):	
Sim(q;	c2)	=	0.3*	0.3	+	0.2	*1.0	+	0.2*1.0	+	0.3*1.0	=	0.79	
	

c3	=	(high;	no;	no;	yes):	
Sim(q;	c3)	=	0.3*1.0	+	0.2*1.0	+	0.2*1.0	+	0.3*0.2	=	0.76	
	

c4	=	(high;	yes;	yes;	no):	
Sim(q;	c4)	=	0.3*1.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.68	
	

c5	=	(average;	no;	yes;	no):	
Sim(q;	c5)	=	0.3*0.3	+	0.2*1.0	+	0.2*0.2	+	0.3*1.0	=	0.63	
	

c6	=	(no;	yes;	yes;	no):	
Sim(q;	c6)	=	0.3*0.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.28	
	

c7	=	(average;	yes;	yes;	no):	
Sim(q;	c7)	=	0.3*0.3	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.47	

C2:	Influenza	
C3:	Influenza	

	
Class:	Influenza	



KNN	Classifica8on	for	K=3	
	
c1	=	(no;	no;	no;	no):		
Sim(q;	c1)	=	0.3*0.0	+	0.2	*1.0	+	0.2*1.0	+	0.3*	1.0	=	0.70	
	

c2	=	(average;	no;	no;	no):	
Sim(q;	c2)	=	0.3*	0.3	+	0.2	*1.0	+	0.2*1.0	+	0.3*1.0	=	0.79	
	

c3	=	(high;	no;	no;	yes):	
Sim(q;	c3)	=	0.3*1.0	+	0.2*1.0	+	0.2*1.0	+	0.3*0.2	=	0.76	
	

c4	=	(high;	yes;	yes;	no):	
Sim(q;	c4)	=	0.3*1.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.68	
	

c5	=	(average;	no;	yes;	no):	
Sim(q;	c5)	=	0.3*0.3	+	0.2*1.0	+	0.2*0.2	+	0.3*1.0	=	0.63	
	

c6	=	(no;	yes;	yes;	no):	
Sim(q;	c6)	=	0.3*0.0	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.28	
	

c7	=	(average;	yes;	yes;	no):	
Sim(q;	c7)	=	0.3*0.3	+	0.2*0.2	+	0.2*0.2	+	0.3*1.0	=	0.47	

C1:	healty		
C2:	Influenza	
C3:	Influenza	

	
Class:	Influenza	


