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Question: 1 (20 Marks)

a) Specify the following for a 16-bit binary number in 2’s complement form:

i. The smallest value of the number.

ii. The largest value of the number.

                            State the above values in the “decimal number system” as      

                            as in the “binary number system in 2’s Complement form”.

b) Illustrate , through an example , the differences in the process of  subtraction between the following:

i. 1’s Complement Form (1CF) method.

ii. 2’s Complement Form (2CF) method.

c) Write the complete range of 4-bit binary number in 1CF as well as in 2CF.

Solution 1 a)                        16 - 1 

i. - ( 2             )   =  - 32768            in binary number system               1000 0000 0000 0000
                                             16 -1

ii. + (2       -  1 )   =   + 32767          in binary number system               0111 1111 1111 1111
b) 1’s Complement Form 

     i)      1011 0111

1000 0001 

                            ---------------

                        1    0011 1000

                                             1                   End Around Carry

                            ---------------

                              0011 1001     

                   ii) 2’s Complement Form 

                       1011 0111

                       1000 0010

                     ----------------

      Discard 1  0011 1001

c)


	1CF
	Decimal 

value                 
	2CF
	Decimal 

value                 



	0111         
	+ 7                
	0111
	+ 7                

	0110
	+ 6                            
	0110
	+ 6                            

	0101
	+ 5                            
	0101
	+ 5                            

	0100
	+ 4                            
	0100
	+ 4                            

	0011
	+ 3                            
	0011
	+ 3                            

	0010
	+ 2                            
	0010
	+ 2                            

	0001
	+ 1
	0001
	             +1

	0000
	+ 0                            
	0000
	0

	1111
	- 0
	1111
	- 1

	1110
	- 1
	1110
	- 2

	1101  
	- 2
	1101  
	- 3

	1100
	- 3
	1100
	- 4

	1011
	- 4
	1011
	- 5

	1010
	- 5
	1010
	- 6

	1001
	- 6
	1001
	- 7

	1000
	- 7
	1000
	- 8


               __________________________________________________

Question: 2 (20 Marks)

Given the Boolean function:

             F =  (X+Y).(X+Y’) + (X’+Z).(Y+Z) + Y’(W’+ W.Z’) + X’.W’

a) List the truth table of the function.

b) Draw the logic diagram using the original Boolean function.

c) Simplify the algebraic expression using Boolean algebra.

Solution 2 a) 

  F1 = (X+ Y).(X + Y’);                       F2 = (X’ + Z).(Y + Z)

  F3 = Y’.(W’ + W. Z’);                       F4 = X’.W’                 

	X
	Y
	Z
	W
	X+Y
	X+Y’
	F1
	(X’+Z).(Y+Z)= F2
	Y’
	W’+WZ’
	F3
	F4
	F

	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1

	0
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1

	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1

	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1

	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1

	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1

	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1

	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1

	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1

	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1

	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1

	1
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	0
	1

	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1

	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1

	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1

	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	1


Therefore  F = 1

b) 

                   SHAPE  \* MERGEFORMAT 
[image: image1]

Notes: 1.The logic diagram has not come out well.

            2. The theorem numbers, in the algebraic simplification below, are given only for

                 the reference of the students. In the exam, you should not put them.

c)

F   =  (X+Y).(X+Y’) + (X’+Z).(Y+Z) + Y’(W’+ W.Z’) + X’.W’

      = X + (X’+Z)(Y+Z)  + Y’(W’+Z’)  + X’W’

      = X + (X’Y + X’Z + YZ + Z) + Y’W’ + Y’Z’ + X’W’

Since (A+B)(A+B’)  = A             Theorem 12(b)

           A + A’B = A + B               Theorem   11

F    =  X + X’Y + Z + Y’W’ + Y’Z’ + X’W’

Since  Z.(1 + Y + X’) =  Z             Theorem  2(a) and 2(b)

Also   YX’ + Y’W’ + X’W’  = YX’ + Y’W’

F =  X + X’Y + Z + Y’W’ + Y’Z’

   =  X + Y + Z + Y’ + Y’W’

                         -- by using   A + AB’ = A + B    twice

F   =  X + (Y + Y’) + Z + Y’W’

   =  1 

                            -- by using  A + A’ = 1

                               and  by using  1 + A  = 1

Question 3 (35 Marks)

             A Boolean function has four inputs called A,B,C and D. It has three outputs called F1, F2 and F3. The truth table for the function is given as 

	A
	B
	C
	D
	F1
	F2
	F3

	0
	0
	0
	0
	0
	0
	1

	0
	0
	0
	1
	0
	0
	1

	0
	0
	1
	0
	1
	1
	0

	0
	0
	1
	1
	0
	0
	1

	0
	1
	0
	0
	1
	1
	0

	0
	1
	0
	1
	0
	0
	0

	0
	1
	1
	0
	1
	1
	1

	0
	1
	1
	1
	0
	0
	1

	1
	0
	0
	0
	1
	1
	0

	1
	0
	0
	1
	1
	1
	0

	1
	0
	1
	0
	1
	1
	0

	1
	0
	1
	1
	1
	1
	1

	1
	1
	0
	0
	1
	1
	1

	1
	1
	0
	1
	1
	1
	1

	1
	1
	1
	0
	0
	0
	1

	1
	1
	1
	1
	1
	0
	0


a) Draw the K-map for F1.Obtain the simplified expression in the SOP form. Implement F1 by using NAND gates only.Specify the Prime implicants and the essential prime implicants for F1.

b) Draw the K-map for F2.Obtain the simplified expression in POS form. Implement F2 by using NOR gates only.

Solution 3 a)

   AB       CD       00                        01                             11                          10

	0
	1
	3
	2

	4
	5
	7
	6

	12
	13
	15
	14

	8
	9
	11
	10


00

01

11

10


   AB       CD       00                        01                             11                          10 

	
	
	
	1

	             1
	
	
	1

	1
	1
	1
	0

	1
	1
	1
	1


00

01

11

10

Essential Prime Implicants:

Combining cell number 13,15,9,11 ( A.D 

Other Prime Implicants:

Combining cell number 2,10 ( B’.C.D’

Combining cell number 4,6 ( A’.B.D’

Combining cell number 12,13,8,9 (  A.C’ 

Combining cell number 8,9,10,11 (  A.B’
Combining cell number 4,12 ( B.C’.D’

Combining cell number 2,6 ( A’.C.D’

F1 =   AC’ + AD + A’BD’ + B’CD’


[image: image2]
3 b)   

   AB       CD       00                        01                             11                          10

	0
	0
	0
	1

	1
	0
	0
	1

	1
	1
	0
	0

	1
	1
	1
	1


00

01

11

10

Combining cell number 0 and 1, cell numbers 1, 3, 5, 7, then cell number 14 and 15 we get :

F2 = ( A + D’) (A + B + C) (A’ + B’ + C’)


[image: image3]
Question 4 (10 Marks ) 

 Convert (447.78125) to its Hex, Octal and Binary equivalent numbers.

Solution 4 

     16 | 447

     16 | 27   -  15 

     16 | 1     -  11

    -------------------

            0     -   1

(447) base 10  = 1BF base 16  =  000 110 111 111 base 2
                                                 =   677   base 8 

.78125 * 16  =  12.50000   

.50000 * 16 =  8.0 

(.78125) base 10 = (.C8) base 16   = (.11001) base 2 = (62) base 8
therefore (447.78125) base 10 

               =  0001  1011  1111 . 11001 base 2

               =  (677.62) base 8

               =  (1BF.C8)  base 16
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