Problem 1. 
Assume that {Table 1, Table 2} represents distributed knowledge system. Find objects in Table2  satisfying the query  q = (a,2)*(d,2)*(g,0).  For a definition of a non-local attribute contact Table1.  If possible, assign the confidence to all objects retrieved. 

a            
    c
       d        
	x1
	   1
	    2
	    1

	x2
	   3
	    2
	    2

	x3
	   1
	    2
	    1

	x4
	   2
	    1
	    2  

	x5
	   3
	    2
	    2

	x6
	   3
	    1
	    2

	x7
	   2
	    1 
	    2


Table 1.

a            e
     c
         g        


	y1
	   1
	   1
	    2
	    1

	y2
	   2
	   1
	    2
	    0

	y3
	   1
	   2
	    2
	    1

	y4
	   1
	   1
	    1
	    1

	y5
	   2
	   1
	    2
	    0

	y6
	   2
	   1
	    1
	    1

	y7
	   2
	   2
	    1
	    0


Table 2.

Solution:
(d,2)*={2,4,5,6,7},

(a,2)*={4,7}< (d,2)* ,  (a,2) => (d,2)   conf=1
(a,3)*={2,5,6}< (d,2)*  ,  (a,3) => (d,2)   conf=1
(c,1)*={4,6,7}< (d,2)*  ,  (c,1) => (d,2)   conf=1

(c,2)*={1,2,3,5},    (c,2) => (d,2)   conf= 2/4

q = (a,2)*(d,2)*(g,0)  > q = (a,2)*[(a,2) + (a,3) +(c,1) + (c,2)]*(g,0)=
                                                          1          1        1         2/4

(a,2)*(g,0)+ (a,2)*(c,1)*(g,0)+(a,2)*(c,2)*(g,0) = (a,2)*(g,0)

      1                       1                          ½

Answer = {y2,y5,y7}
Problem 2. 

Use LERS [+], CART (GINI Index), ID3 [+], & RSES strategy to find rules describing  D  in terms of A, B, C  from the table below.
	X
	a
	b
	c
	d

	x1
	1
	0
	1
	1

	x2
	0
	0
	1
	2

	x3
	2
	0
	2
	1

	x4
	0
	0
	2
	2

	x5
	1
	2
	1
	1


LERS Strategy:

(d,2)*={2,4},  (d,1)*={1,3,5}

(a,0)*={2,4}<(d,2)*,  (a,1)*={1,5}<(d,1)*,  (a,2)*={3}<(d,1)*

(b,0)*={1,2,3,4}, (b,2)*={5}<(d,1)*
(c,1)*={1,2,5}, (c,2)*={3,4}

[(b,0)*(c,1)]*={1,2}, [(b,0)*(c,2)]*=(c,2)*

(a,0) => (d,2)   conf=1,   (a,1) => (d,1)  conf=1,  (a,2) => (d,1)  conf = 1
(b,0) => (d,1)  conf = 2/4,   (b,0) => (d,2)  conf=2/4

(b,2) => (d,1)  conf= 1,   (c,1) => (d,1)  conf= 2/3,   (c,1) => (d,2)  1/3

(c,2) => (d,1)  conf= 1/2  (c,2) => (d,2)   conf = ½
(b,0)*(c,1) => (d,1)  conf=1/2,   (b,0)*(c,1) => (d,2)  conf=1/2   

CART Strategy:
G(S)= 2/5 * 3/5 = 6/25

G(A,S)= 2/5[0 ] + 2/5[ 0] + 1/5[0]=0,   gain(A)=6/25 – 0 = 6/25

G(B,S)= 4/5[2/4  *  2/4 ] + 1/5[0]= 1/5,  gain(B)= 6/25 – 5/25 = 1/25
G(C,S)= 2/5 [1/2 * 1/2] + 3/5[1/3 * 2/3] = 

                                                          A

                                            1             2                 0

                                      D=1            D=1              D=2

ID3 (C4.5, See5)

E(S)= - 2/5log(2/5) – 3/5log(3/5)

E(A,S)  =  2/5[ 0] + 2/5 [0] +1/5[0] =0 ,  gain(A)=

E(B,S) =4/5[-2/4log(2/4) – 2/4log(2/4)] + 1/5[0],   gain(B)
E(C,S)=2/5[-1/2log(1/2) – 1/2log(1/2)] + 3/5[-1/3log(1/3) – 2/3log(2/3)],  gain(C)
	X
	a
	b
	c
	d

	x1
	1
	0
	1
	1

	x2
	0
	0
	1
	2

	x3
	2
	0
	2
	1

	x4
	0
	0
	2
	2

	x5
	1
	2
	1
	1


RSES

X1    

X2    A     

X3            CA        

X4    CA             A           

X5            BA           ABC          

        X1     x2     x3    x4        x5  

F(S) = A*(C+A)*(B+A)*(A+B+C)=A
F(x1)= A

F(x2)= A

F(x3)= A

F(x4)=A

F(x5)=A
Problem 3.

Discretize both attributes a and b in the Decision Table T(d).

Use discernibilty formulas (RSES).
	X
	a
	b
	d

	x1
	0.8
	2
	1

	x2
	1
	0.5
	0

	x3
	1.3
	3
	1

	x4
	1
	1
	0

	x5
	1.4
	2
	0

	x6
	1.6
	3
	1

	x7
	1.3
	1
	1


Decision Table T(d).

a:  0.8      1      1.3     1.4      1.6     ;      b:   0.5      1      2      3
          p1     p2       p3      p4                              q1    q2    q3
a:  [0.8 - 1.1], (1.1 – 1.6]   b:  [0.5 – 1.5],(1.5 – 2.5],(2.5-3]

a:        a1              a2                     b1              b2           b3
F(1,2)=p1+q1+q2

F(1,4)=p1+q2

F(1,5)=p1+p2+p3
F(2,3)=p2+q1+q2+q3
F(2,6)=p2+p3+p4+q1+q2+q3
F(2,7)=p2+q1
F(3,4)=p2+q2+q3
F(3,5)=p3+q3

F(4,6)=p2+p3+p4+q2+q3
F(4,7)=p2

F(5,6)=p4+q3

F(5,7)=p3+q2

F(S)= (p1+q2)*(p3+q3)*p2*(p4+q3)*(p3+q2)=p2*q3*q2
	X
	a
	b
	d

	x1
	a1
	b2
	1

	x2
	a1
	b1
	0

	x3
	a2
	b3
	1

	x4
	a1
	b1
	0

	x5
	a2
	b2
	0

	x6
	a2
	b3
	1

	x7
	a2
	b1
	1


a:  0.8      1      1.3     1.4      1.6     ;      b:   0.5      1      2      3

          p1     p2       p3      p4                              q1    q2    q3
Problem 4. 

Find the set of all optimal rules in Table S below describing C in terms of  A,F,G. Use either ID3 or CART algorithm. 

	X
	A
	F
	G
	C

	x1
	a2
	f1
	g3
	c2

	x2
	a1
	f2
	g1
	c1

	x3
	a1
	f2
	g2
	c1

	x4
	a1
	f1
	g1
	c2

	x5
	a2
	f2
	g2
	c2

	x6
	a1
	f2
	g3
	c2


G(S)=2/6 * 4/6 = 8/36 =2/9

G(A,S)= 2/6 [ 0] + 4/6 [1/2*1/2 ]=4/24=1/6    ,   Gain(A,S) = 2/9 - 1/6
G(F,S)=  2/6 [0 ] + 4/6[ ½*1/2 ] = 1/6  ,    Gain(F,S) = 2/9 - 1/6 

G(G,S)= 2/6 [ 0] + 2/6[1/2*1/2 ] + 2/6[1/2*1/2 ] =  4/6*1/4= 1/6  ,  Gain(G,S) = 2/9 -1/6

                                                                A                                          [A=a2]  =>   [C=c2]
                                                 a2                        a1

                                                                        X     F      G     C            Table  S1
                                        C=c2                       x2    f2     g1    c1           G(S1) = 2/4 * 2/4=1/4
                                                                        x3    f2     g2    c1          G(F,S1)=    Gain(F,S1)=1/4 -
                                                                        x4    f1     g1    c2          G(G,S1)=
                                                                        x6    f2     g3    c2

G(F,S1)=   ¼[ 0 ] + ¾[ 1/3 * 2/3 ]
Problem 5 .  Assume that {Table 1, Table 2} represents distributed knowledge system. 
1. Find all certain and possible objects in  Table 2  satisfying the query  q = (a,3)*(d,2)*(f,1).  For a definition of a non-local attribute contact Table 1. Assign the confidence to all objects retrieved.

a            b
     c
         d        
f

	x1
	   1
	   1
	    2
	    1
	    1

	x2
	   2
	   1
	    2
	    2
	    0

	x3
	   1
	   2
	    2
	    1
	    2

	x4
	   2
	   1
	    1
	    2  
	    1

	x5
	   3
	   1
	    2
	    2
	    0

	x6
	   3
	   2
	    1
	    2
	    1

	x7
	   2
	   2
	    1 
	    2
	    2


Table 1.    f1*={1,4,6}
a1*={1,3}   a2*={2,4,7}  a3*={5,6}    c2*={1,2,3,5}    

c1*={4,6,7}   d1*={1,3}    d2*={2,4,5,6,7}
a1.c2*=a1*   a1.c1*=0   a1.d1*=a1*   a1.d2*=0   a2.c1*={4,7}    a2.c2*={2}    a2.d1*=0   
a2.d2*=a2*  c1.d1*=0   c1.d2*=c1*  c2.d1*=d1*   c2.d2*={2,5}
a3.c2*={5}   a3.c1*={6}<f1*   a3.d1*=0   a3.d2*=a3*
Reguly:   a1->f1  ½   a2->f1  1/3   a3->f1  ½   c2->f1  ¼  c1->f1  2/3   d1 -> f1  1/2   d2->f1  2/5

a2.c1->f1  ½   a3.c1 -> f1  1

q=a3*d2*[a1  +  a2  + a3  + c2 +  c1  +  d1 +  d2  +  a2.c1  + a3.c1] = 
     1    1    ½       1/3    ½      ¼      2/3     ½      2/5     ½             1
a3*d2 + a3*d2*c2 + a3*d2*c1 + a3*d2 + a3*d2*c1    Odpowiedz: (y6,1), (y5, ½), (y7, 1/2).
½            ¼                2/3               2/5         1


a            e
     c
         d        
g

	y1
	   1
	   1
	    2
	    1
	    1

	y2
	   2
	   1
	    2
	    2
	    0

	y3
	   1
	   2
	    2
	    1
	    1

	y4
	   1
	   1
	    1
	    1  
	    1

	y5
	   3
	   1
	    2
	    2
	    0

	y6
	   3
	   1
	    1
	    2
	    1

	y7
	   3
	   2
	    2
	    2
	    1


Table 2
 Problem 6. 

Use LERS strategy to find all certain and possible rules describing  D  in terms of A, B, C  from the table below.

	X
	a
	b
	c
	d

	x1
	1
	0
	2
	1

	x2
	0
	0
	1
	2

	x3
	2
	0
	2
	1

	x4
	0
	0
	2
	2

	x5
	1
	2
	2
	1


Problem 7

Systems  S1 , S2  are defined below:

	
	a
	b
	c
	d

	x1
	a1
	b2
	c1
	d1

	x2
	a2
	b2
	c1
	d2

	x3
	a1
	b1
	c2
	d2

	x4
	a2
	b2
	c2
	d2


System S1

	
	c
	d
	e
	f

	x2
	c1
	d2
	e1
	f2

	x5
	c2
	d1
	e2
	f2                     

	x6
	c2
	d1
	e2
	f2

	x7
	c1
	d3
	e2
	f1

	x8
	c3
	d1
	e1
	f1


System S2

Find certain and possible objects in  S1 satisfying global query  a1*e2*f2 = a1*c2

Use  S2  to extract definitions of  e2  and  f2. 

c2<->e2.f2   Odpowiedz: x3
Problem 8.  Assume that {Table 1, Table 2} represents distributed knowledge system. Find all certain and possible objects in  Table 2  satisfying the query  q = (a,3)*(d,2)*(f,1).  For a definition of a non-local attribute contact Table 1.

Assign the confidence to all objects retrieved.


a            b
     c
         d        
f

	x1
	   1
	   1
	    2
	    1
	    1

	x2
	   2
	   1
	    2
	    2
	    0

	x3
	   1
	   2
	    2
	    1
	    2

	x4
	   2
	   1
	    1
	    2  
	    1

	x5
	   3
	   1
	    2
	    2
	    0

	x6
	   3
	   2
	    1
	    2
	    1

	x7
	   2
	   2
	    1 
	    2
	    2


Table 1.


a            e
     c
         d        
g

	y1
	   1
	   1
	    2
	    1
	    1

	y2
	   2
	   1
	    2
	    2
	    0

	y3
	   1
	   2
	    2
	    1
	    1

	y4
	   1
	   1
	    1
	    1  
	    1

	y5
	   3
	   1
	    2
	    2
	    0

	y6
	   3
	   1
	    1
	    2
	    1

	y7
	   3
	   2
	    2
	    2
	    1


Table 2.

a3*d2 + a3*d2*c2 + a3*d2*c1 + a3*d2 + a3*c1*d2

   1/3          1/3               2/3              2/3           1

y6 – 1 ,  y5 – 2/3, y7 – 2/3

Problem 9.  Assume that {Table 1, Table 2, Table 3} represents distributed knowledge system. Find all certain and possible objects in  Table 2  and  Table 3  satisfying the query  q = (a,3)*(d,2)*(f,1).  You have to contact other tables for definitions of non-local attributes either in Table 1 or Table 3. Assign the confidence to all objects retrieved. Explain your strategy.


g
   a
    e
         b

	z1
	   0
	   2
	  1
	   1

	z2
	   0
	   2
	  2
	   1

	z3
	   0
	   1
	  2
	   2

	z4
	   1
	   2
	  1
	   2

	z5
	   0
	   2
	  2
	   1

	z6
	   1
	   1
	  1
	   2


Table 3

Solution:

Query q = (a,3)*(d,2)*(f,1) is submitted to Table 2.  Attributes "a,d" are local. Attribute "f" is foreign

and its description can be extracted only from Table 1. 

Attributes "a,c,d" are common for Table 1 and Table 2 so they are used to define "(f,1)" in

Table 1.

Classification attributes:

a1*={x1,x3}, a2*={x2,x4,x7}, a3*={x5,x6}, c2*={x1,x2,x3,x5}, c1*={x4,x6,x7}, 

d1*={x1,x3}, d2*={x2,x4,x5,x6,x7}. Decision value: f1* = {x1,x4,x6}.

None of them are marked since there is no inclusion relation between values of

classification attributes and f1.

We go to next loop:  [a1.c2]*=a1* (marked negative), [a1.c1]*=0 (marked negative),

[a1.d1]*=a1*  (marked negative), [a1.d2]*=0  (marked negative), [a2.c2]*={x2} (marked negative because x2 is not in f1*), [a2.c1]*={x4,x7} (not marked - it is not a subset of f1*), 

[a2.d1]*=0 (marked negative), [a2.d2]*=a2* (marked negative), [a3.c2]*={x5} (marked negative since not a subset of f1*), [a3.c1]*={x6}<f1* (marked positive), [a3.d1]*=0 (marked negative), 

[a3.d2]*=a3* (marked negative), [c2.d1]*=d1* (marked negative), [c2.d2]*={x2,x5} (marked negative since it is not subset of f1*), [c1.d1]*=0 (marked negative), [c1.d2]*=c1* (marked negative).

Now, only [a2.c1]*={x4,x7} is not marked. It can be extended to  [a2.c1.d1]*  and  [a2.c1.d2]*.

But   [a2.d2]*  and  [a2.d1] *  are marked negative so their extensions are marked negative as well.

So, we have rules:   a1 (f1 (sup=1, conf=1/3), a2(f1 (sup=1, conf=1/3), a3(f1 (sup=1, conf=1/3),

c2(f1 (sup=1, conf=1/3), c1(f1 (sup=2, conf = 2/3),  d1(f1 (sup=1, conf 1/2),

d2(f1  (sup=2, conf=2/3), a2.c1(f1 (sup=1, conf=1/3),   a3.c1 ( f1 (sup=1, conf 1).

Now, query q can be replaced by:

 a3*d2*[ a1  + a2   +  a3  +  c2  +   c1  +   d1    +   d2   +    a2.c1 + a3*c1] =    

              1/3     1/3      1/3     1/3     2/3        1/2        2/3          1/3          1

a3*d2 + a3*d2*c2 + a3*d2*c1 + a3*d2 + a3*c1*d2  = 

   1/3          1/3               2/3              2/3           1

a3*d2 + a3*d2 + a3*c1*d2  

   1/3        2/3           1

Objects retrieved from Table 2:   

The process of retrieving objects from Table 3 is similar.

Definition of  "d2.f1" is extracted from Table 1.  Definition of "d2" is extracted from Table 2.

So, expression (a,3)*(d,2)*(f,1) submitted to Table 3 is replaced by  (a,3)*t1 + (a,3)*t2*t3,   where  

"t1"  is decribing  (d,2)*(f,1)   /using rules form Table 1/,

"t2"  is describing  (d,2)   /using rules from Table 1 and Table 2/  and 

"t3"  is describing  (f,1)   /using rules from Table 1/.

Problem 10. 

Use ID3 strategy to find certain and possible rules describing  D  in terms of A, B, C  from the table below.

	X
	a
	b
	c
	d

	x1
	1
	0
	2
	1

	x2
	0
	0
	1
	2

	x3
	2
	0
	2
	1

	x4
	0
	0
	2
	2

	x5
	1
	2
	2
	1


