Problem 1

Find the set of all representative rules RR(3,75%) for the set of transactions: (A,B,C,D,E), (A,B,C,E,F), (A,C,E,H,I), (B,C,D,E,F), (B,C,D,F,H,I).

Take 3 as the threshold for minimal support.

A – 3, B – 4, C -5, D – 3, E – 4, F – 3;

AC – 3, AE – 3, BC – 4, BD – 3, BE – 3, BF -3, CD-3, CE- 4, CF- 3

ACE – 3, BCD – 3, BCE – 3, BCF – 3
----------------------------------
Rules for ACE:   

r1 = [A (  CE]  , r2 = [C ( AE],  r3 = [E ( AC]

conf(r1)=  sup(ACE)/ sup(A) = 1/1 = 1,  conf(r2) = 3/5,  conf(r3)= 3/4
Rules for BCD:
r4=[B ( CD],  r5=[C ( BD], r6 = [D ( BC]
conf(r4)= ¾ ,  conf(r5)= 3/5,  conf(r6)= 3/3

Rules BCE:

r7=[B ( CE], r8=[C ( BE], r9 = [E ( BC]

Problem 2 [Rosetta = RSES]
For the information system given below, find the set of all coverings of C. Use Rosetta  algorithm to discover rules describing C in terms of other attributes.  

Assume that Dom(E)={e1,e2}, Dom(F)={f1,f2}, Dom(C)={c1,c2}.

	X
	E
	F
	G
	C

	x1
	e2
	f2
	g3
	c2

	x2
	e1
	f2
	g1
	c1

	x3
	e1
	f2
	g2
	c1

	x4
	e1
	f1
	g1
	c2

	x5
	e2
	f2
	g1
	c2

	x6
	e1
	f1
	g3
	c2


Discernibility Matrix
	
	X1
	X2
	X3
	X4
	X5
	X6

	X1
	-
	
	
	
	
	

	X2
	E, G
	-
	
	
	
	

	X3
	E, G
	-
	-
	
	
	

	X4
	-
	F
	F, G
	-
	
	

	X5
	-
	E
	E, G
	-
	-
	

	X6
	-
	F, G
	F, G
	-
	-
	-


Discernibility Function = (E ( G)(F(E((F(G)= F(E  
f(x1)= E, f(x2)= EF, f(x3)=EF, f(x4)=F, f(x5)= E, f(x6)=F
e2 ( c2, (e1 ( f2) ( c1 , f1 ( c2.
Follow ID3 strategy to find description of C in terms of  E,F,G.
	X
	E
	F
	G
	C

	x1
	e2
	f2
	g3
	c2

	x2
	e1
	f2
	g1
	c1

	x3
	e1
	f2
	g2
	c1

	x4
	e1
	f1
	g1
	c2

	x5
	e2
	f2
	g1
	c2

	x6
	e1
	f1
	g3
	c2


Ent( C )= -2/6log(2/6) – 4/6log(4/6)
Ent(E) = 2/6[ -0/2log[0/2] - 2/2log[2/2] ] + 4/6[-2/4log[2/4] -2/4log[2/4]]=

= 0 + 2/3[-log[1/2]]= 0+2/3 [-[log(1) – log(2)]]= 2/3 log(2).
Ent(F) = 4/6[-2/4log[2/4] -2/4log[2/4]] =  2/3 log(2).

Ent(G) = 2/6 * 0 + 1/6 * 0 + 3/6[ -1/3log[1/3] – 2/3log[2/3]]
G is the spliting attribute

So, we get  g3 ( c2,  g2 ( c1 .  Following g1, we get the table:
	X
	E
	F
	C

	x2
	e1
	f2
	c1

	x4
	e1
	f1
	c2

	x5
	e2
	f2
	c2


Ent(E)= 2/3[- 1/2log[1/2]- 1/2log[1/2]] + 1/3 *0

Ent(F)= Ent(E).

Let’s assume that F is splitting attribute:

So, we get  [g1 ( f1] ( c2.  Following f2 we get the table:

	X
	E
	C

	x2
	e1
	c1

	x5
	e2
	c2


Attribute E has to be the splitting attribute. We get rules: 
[g1 ( f2 ( e1] ( c1, [g1 ( f2 ( e2] ( c2.

Problem 3.

Follow  Rosetta discretization strategies to find description of D in terms of A, B.

	X
	a
	b
	d

	x1
	1
	3
	1

	x2
	3
	10
	2

	x3
	5
	5
	1

	x4
	1
	10
	2

	x5
	10
	5
	1

	x7
	3
	5
	1


Dom(A) = { 1 ,   3  ,  5  ,  10 }    Dom(B) = { 3 ,  5 ,  10 }
                        p1   p2   p3                                  q1  q2  
[1-10]




[3 – 7] , (7 – 10]
F(x1,x2)= p1 + q1 + q2          F(x3,x4)= p1 + p2 + q2 
F(x1,x4)= q1 + q2                 
 F(x4,x5)= p1+p2+p3+q2
F(x2,x3)= p2 + q2                  F(x4,x7)= p1 + q2 
F(x2, x5)= p2 + p3 + q2        

F(x2,x7) = q2                          
After discretization we get new table:

	X
	a
	b
	d

	x1
	[1-10]

	[3 – 7]
	1

	x2
	[1-10]

	(7 – 10]
	2

	x3
	[1-10]

	[3 – 7]
	1

	x4
	[1-10]

	(7 – 10]
	2

	x5
	[1-10]

	[3 – 7]
	1

	x7
	[1-10]

	[3 – 7]
	1


Problem 4.
Follow ID3 or CART strategy to find description of D in terms of A,B.
	X
	E
	F
	G
	C

	x1
	e2
	f2
	g3
	c2

	x2
	e1
	f2
	g1
	c1

	x3
	e1
	f2
	g2
	c1

	x4
	e1
	f1
	g1
	c2

	x5
	e2
	f2
	g1
	c2

	x6
	e1
	f1
	g3
	c2


Gini Index /CART/:  
   Gini(A)= ∑ { p(v) ( ∑ {p(i/v) ( p(j/v) : i ≠j}: v ( Dom(A)}
G(E) = 2/6[0/2*2/2] + 4/6[ 1/2*1/2] = 1/6

G(F) = 4/6[1/2*1/2] + 2/6[0] = 1/6

G(G)= 2/6* 0 + 1/6 * 0 + 4/6[1/3*2/3]= 8/54=4/27

G is the spliting attribute

So, we get  g3 ( c2,  g2 ( c1 .  Following g1, we get the table:

	X
	E
	F
	C

	x2
	e1
	f2
	c1

	x4
	e1
	f1
	c2

	x5
	e2
	f2
	c2


G(E)= 2/3[1/2*1/2] + 0

G(F)=G(E)

Entropy /ID3/:  

   I(A) = ∑{ p(v) ( ∑ {p(c/v) ( log [p(c/v)] : c ( Dom(D)}: v ( Dom(A)}
Problem 5
Find all certain and possible rules describing  f  in terms

of {a, b, c, d} in Table 1. Apply  LERS algorithm. Give their support and confidence.


a            b
     c
         d        
f

	x1
	   1
	   1
	    2
	    1
	    1

	x2
	   2
	   1
	    2
	    2
	    0

	x3
	   1
	   2
	    2
	    1
	    1

	x4
	   2
	   1
	    1
	    2  
	    1

	x5
	   3
	   1
	    2
	    2
	    0

	x6
	   3
	   2
	    1
	    2
	    1

	x7
	   2
	   2
	    1 
	    2
	    1


Table 1.

Set up minimum confidence = 2/3
f1*={1,3,4,6,7}, f2*={2,5}

+ a1*= {1,3} ,  + a2*={2,4,7} ,   a3*={5,6}

a1 -> f1,  conf = 1, sup= 2  ;  a2 -> f1,   conf = 2/3 , sup = 2
b1*={1,2,4,5},  + b2*={3,6,7} ;  b2-> f1 , conf = 1 , sup = 3
+ c1*={4,6,7} , c2*={1,2,3,5}  ; c1 -> f1 ,  conf = 1 , sup = 3

+ d1*={1,3} , d2*={2,4,5,6,7} ;  d1 -> f1 , conf = 1, sup = 2

----

+ a3.b1* = {5} ;  a3.b1 -> f2 ; conf = 1,  sup= 1
+ a3.c2* = {5} ;  a3.c2 -> f2 ; conf = 1 , sup = 1
+ a3.d2*= a3*
+ b1.c2*={1,2,5} ;  b1.c2 -> f2  ; conf = 2/3,  sup = 2
+ b1.d2*={2,4,5} ;  b1.d2 -> f2 ; conf = 2/3 , sup = 2
+ c2.d2*={2,5} ;  c2.d2 -> f2 , conf = 1 , sup = 2
-----
Problem 6. 
Find all certain rules describing  f  in terms of  {a, b, c, d} in Table 2. 

Apply Rosetta algorithm. We assume that  Dom(c) = Dom(d) = {1,2}.


a            b
     c
         d        
f

	x1
	   1
	   1
	    2
	    1
	    1

	x2
	   2
	   1
	    2
	    2
	    0

	x3
	   1
	   2
	    2
	    1
	    1

	x4
	   2
	   1
	    1
	    2  
	    1

	x5
	   1
	   1
	    1
	    2
	    0

	x6
	   1
	   2
	    1
	    2
	    1

	x7
	   2
	   2
	    1 
	    2
	    1


Table 2.

f(x1)= ac  ,  f(x2)= a.(a+b)c(a+b+c)(b+c) =ac 

f(x3)=(a+b)(c+b)=ac+ab+bc+b = ac + b

f(x4)= ca , f(x5)= c(c+b)ab(a+b)= cab

f(x6)= (a+b+c)b= b , f(x7)= (b+c)(a+b)= ba + b +ca + cb = b + ca

a1.c2 -> f1 , a2.c2 -> f0 , a1.c2 -> f1 , b2 -> f1 , a2.c1 -> f1 , a1.c1.b1 -> f0
b2 -> f1 , b2 -> f1 , a2.c1 -> f1

	
	X1
	X2
	X3
	X4
	X5
	X6
	X7

	X1
	-
	
	
	
	
	
	

	X2
	ad
	-
	
	
	
	
	

	X3
	-
	abd
	-
	
	
	
	

	X4
	-
	c
	-
	-
	
	
	

	X5
	dc
	-
	dcb
	a
	-
	
	

	X6
	-
	abc
	-
	-
	b
	-
	

	X7
	-
	bc
	-
	-
	ab
	-
	-


Discernibility function:  

(a+d)(d+c)((a+b+d)c(a+b+c)(b+c)(d+c+b)ab(a+b)= cab

(a+d).(d+c).(b+c).(a+b)=ac

f(x1)= ac  ,  f(x2)= a.(a+b)c(a+b+c)(b+c) =ac 

f(x3)=(a+b)(c+b)=ac+ab+bc+b = ac + b

f(x4)= ca , f(x5)= c(c+b)ab(a+b)= cab

f(x6)= (a+b+c)b= b , f(x7)= (b+c)(a+b)= ba + b +ca + cb = b + ca

