Final – Sample Problems

Problem 1. Assume that {a,b} are stable attributes and {c,d} are flexible. 
Follow action forest algorithm (DEAR 1) to find action rules re-classifying objects in 
Table 2 with respect to d. Find their confidence and support.

	X
	a
	b
	c
	d

	x1
	2
	2
	1
	2

	x2
	2
	1
	2
	1

	x3
	1
	2
	2
	2

	x4
	1
	1
	1
	2

	x5
	2
	2
	2
	1

	x6
	1
	2
	1
	1


Table 2.
Solution:

Discovering classification rules using LERS:

	a
	b
	c
	d

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Problem 2. Find representative  rules RR(3,75%) for the set of transactions: (A,B,C,D,E,F), (A,C,D,E,F), (A,B,C,E,H), (C,D,E,H), (A,B,C,D,F).
Problem 3.  Follow agglomerative strategy to cluster objects {Y1,Y2,…,Y6} represented by the information system below.
	Y
	M
	N

	Y1
	1
	2

	Y2
	2
	2

	Y3
	3
	2

	Y4
	2
	1

	Y5
	1
	1


Use Manhattan distance  / d(yi, yj) =  |Mi – Mj | + |Ni – Nj | /    for objects  yi, yj  and the distance  d(R,Q)= 1/2(d(A,Q) +  1/2(d(B,Q) + 1/2(d(A,B)   between clusters R and Q, where R is formed by merging clusters A and B.
Solution:

	
	Y1
	Y2
	Y3
	Y4
	Y5

	Y1
	X
	
	
	
	

	Y2
	1
	X
	
	
	

	Y3
	2
	1
	X
	
	

	Y4
	2
	1
	2
	X
	

	Y5
	1
	2
	3
	1
	X


	
	Y1,Y2
	Y3
	Y4
	Y5

	Y1,Y2
	X
	
	
	

	Y3
	2
	X
	
	

	Y4
	2
	2
	X
	

	Y5
	2
	3
	1
	X


d(Y3,{Y1,Y2})= 1/2d(Y3,Y1) + 1/2d(Y3,Y2)+1/2d(Y1,Y2)= 1+1/2+1/2=2
d(Y4,{Y1,Y2})= 1/2d(Y4,Y1) + 1/2d(Y4,Y2)+1/2d(Y1,Y2)=1 +1/2+1/2=2
d(Y5,{Y1,Y2})= 1/2d(Y5,Y1) + 1/2d(Y5,Y2)+1/2d(Y1,Y2)=1/2+1+1/2=2
	
	Y1,Y2
	Y3
	Y4,Y5

	Y1,Y2
	X
	
	

	Y3
	2
	X
	

	Y4,Y5
	2.5
	3
	X


d({Y1,Y2}, {Y4,Y5})=1/2d({Y1,Y2},Y4)+1/2d({Y1,Y2},Y5)+1/2d(Y4,Y5)=

                                       1+1+1/2=2.5

d(Y3,{Y4,Y5})=1/2d(Y3,Y4)+1/2d(Y3,Y5)+1/2d(Y4,Y5)=1+3/2+1/2=3
Problem 4. Let’s assume that graph G = ({a,b,c,d,e}, E) has the following set of edges E = {(c,b,3),  (a,c,6), (b,a,2), (b,d,7), (c,d,1), (c,e,1), (e,d,3), (a,d,4), (a,e,5), (b,e,4)}. Follow:
(1) Single Link Technique (maximal connected components in a graph) to find clusters. Show the resulting dendogram.

(2) Complete Link Technique (looks for cliques) to find clusters. Show the resulting dendogram.

Solution (1):
Distance 1:  {c,e,d} - 2  {a} - 0, {b} - 0
Distance 2:  {c,e,d} - 2  {a,b} – 1
Distance 3: {c,e,d,a,b} - 5 
Solution (2):

Distance 1:  {c,e,d} - 2  {a} - 0, {b} - 0
Distance 2:  {c,e,d} - 2  {a,b} – 1
Distance 3: {c,e,d,a,b} - 5 
Distance 4: {c,e,d,a,b} – 7

Distance 5: {c,e,d,a,b} – 8

Problem 5. Extract classification rules describing D in terms of A,B,C from the Table 2 (see below) by following tolerance relation approach.
	X
	A
	B
	C
	D
	(

	x1
	
	b2
	c1
	d1
	d1, d2

	x2
	a2, a3
	b1
	
	d2
	d1, d2

	x3
	a1
	
	c1, c3
	d2
	d1, d2

	x4
	a1, a2
	b3, b1
	c2
	d1
	d1, d2

	x5
	a1
	b1
	c2
	d1
	d1

	x6
	a2
	b2
	c1
	d2
	d1, d2


Solution:
T(x1) = {x1, x3, x6}
T(x2) = {x2, x4}
T(x3) = {x3, x1}
T(x4) = {x4, x2, x5}
T(x5) = {x5, x4}
T(x6) = {x6, x1}
	X
	A
	B
	C
	D
	(

	x1
	
	b2
	c1
	d1
	d1, d2

	x2
	a2, a3
	b1
	
	d2
	d1, d2

	x3
	a1
	
	c1, c3
	d2
	d1, d2

	x4
	a1, a2
	b3, b1
	c2
	d1
	d1, d2

	x5
	a1
	b1
	c2
	d1
	d1

	x6
	a2
	b2
	c1
	d2
	d1, d2


Discernibility Matrix:
	
	x1
	x2
	x3
	x4
	x5
	x6

	x1
	X
	
	
	
	
	

	x2
	-
	X
	
	
	
	

	x3
	-
	-
	X
	
	
	

	x4
	-
	-
	-
	X
	
	

	x5
	b, c
	a
	c
	NIL
	X
	

	x6
	-
	-
	-
	-
	a,b,c
	X


	X
	A
	B
	C
	(

	x1
	
	b2
	c1
	d1, d2

	x2
	a2, a3
	b1
	
	d1, d2

	x3
	a1
	
	c1, c3
	d1, d2

	x4
	a1, a2
	b3, b1
	c2
	d1, d2

	x5
	a1
	b1
	c2
	d1

	x6
	a2
	b2
	c1
	d1, d2


R(x1)= b+c
R(x2)=a

R(x3)=c

R(x6)=a+b+c

Rules:

b2->d1+d2;  c1-> d1+d2;  a2+a3 -> d1+d2,  c1+c3 -> d1+d2,  

Problem 6. Consider the following dataset describing objects {x1,x2,…,x7} by attributes {a,b,c}
	X
	a
	b
	c

	x1
	6
	4
	8

	x2
	8
	2
	5

	x3
	4
	2
	2

	x4
	8
	4
	2

	x5
	4
	8
	8

	x6
	6
	8
	5


Construct binary TV-tree with threshold 2 for attributes to be active. Show how to use the tree to answer the query q= [(a=5, 1) & (b=3,1) & (c=3,1)] 
Solution:
a:  4    6     8                    b:  2     4      8            c:  2     5      8
       p1   p2                              p3   p4                        p5  p6
cut  p1

Left for p1:  a – active, c=4, r=0; 

	X
	a
	b
	c

	x3
	4
	2
	2

	x5
	4
	8
	8


Right for p1:      a- active, c=7, r=1
	X
	a
	b
	c

	x1
	6
	4
	8

	x2
	8
	2
	5

	x4
	8
	4
	2

	x6
	6
	8
	5


cut  p2
q= [(a=5, 1) & (b=3,1) & (c=3,1)]
T1:   Left for p2:  a-active, c=5, r=1;
	X
	a
	b
	c

	x1
	6
	4
	8

	x3
	4
	2
	2

	x5
	4
	8
	8

	x6
	6
	8
	5


T2:   Right for p2:  a-active, c=8, r=0;  b-active, c=3, r=1
	X
	a
	b
	c

	x2
	8
	2
	5

	x4
	8
	4
	2


Follow left table T1:

b:  2     4     8                   c:  2    5     8
               q1                                   q2
cut q1: 

q= [(a=5, 1) & (b=3,1) & (c=3,1)]
T3:  Left for q1: b- active, c=3, r=1;
	X
	a
	b
	c

	x1
	6
	4
	8

	x3
	4
	2
	2


q= [(a=5, 1) & (b=3,1) & (c=3,1)]
T4: Right for q1: b-active, c=8, r=1;

	X
	a
	b
	c

	x5
	4
	8
	8

	x6
	6
	8
	5


Cut q2
Left for q2:

	X
	a
	b
	c

	x3
	4
	2
	2

	x6
	6
	8
	5


Right for q2: c-active,  c=8, r=0

	X
	a
	b
	c

	x1
	6
	4
	8

	x5
	4
	8
	8


Follow left table T3:
	X
	a
	b
	c

	x1
	6
	4
	8

	x3
	4
	2
	2


c:   2       8

          q3

q= [(a=5, 1) & (b=3,1) & (c=3,1)]

Left for q3:   c – active, c=2, r=0

	X
	a
	b
	c

	x3
	4
	2
	2


 X3- retrieved
q= [(a=5, 1) & (b=3,1) & (c=3,1)]

Right for q3:    c-active, c=8, r=0

	X
	a
	b
	c

	x1
	6
	4
	8


Follow right table T4:

	X
	a
	b
	c

	x5
	4
	8
	8

	x6
	6
	8
	5


c:  5     8

        q4

q= [(a=5, 1) & (b=3,1) & (c=3,1)]
Left for q4:  c-active, c=5, r=0

	X
	a
	b
	c

	x6
	6
	8
	5


Right for q4:  c-active, c=8, r=0

	X
	a
	b
	c

	x5
	4
	8
	8


Problem 7.
Find objects in Table 2 satisfying the query q = (a,2)*(c,2)*(g,2).  For a definition of a non-local attribute contact Table1. Assign the confidence to all objects retrieved. 

             a             g             e        

	x1
	   1
	    2
	    1

	x2
	   3
	    2
	    2

	x3
	   1
	    1
	    1

	x4
	   2
	    2
	    2  

	x5
	   3
	    2
	    2

	x6
	   2
	    1
	    2

	x7
	   2
	    2 
	    2


Table 1.
             a            e              c              b        


	y1
	   1
	   1
	    2
	    1

	y2
	   2
	   1
	    2
	    1

	y3
	   1
	   2
	    2
	    1

	y4
	   1
	   1
	    1
	    0

	y5
	   2
	   1
	    2
	    0

	y6
	   2
	   1
	    1
	    0

	y7
	   2
	   2
	    2
	    0


Table 2.
Problem 8.
Create a new attribute g in table Table 2 using rules extracted from Table 1.
             a             g             e        

	x1
	   1
	    2
	    1

	x2
	   3
	    2
	    2

	x3
	   1
	    1
	    1

	x4
	   2
	    2
	    2  

	x5
	   3
	    2
	    2

	x6
	   2
	    1
	    2

	x7
	   2
	    2 
	    2


Table 1.
             a            e              c              b        


	y1
	   1
	   1
	    2
	    1

	y2
	   2
	   1
	    2
	    1

	y3
	   1
	   2
	    2
	    1

	y4
	   1
	   1
	    1
	    0

	y5
	   2
	   1
	    2
	    0

	y6
	   2
	   1
	    1
	    0

	y7
	   2
	   2
	    2
	    0


Table 2.
