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 Question 1 
 

a) Convert decimal 0.8125 to binary. (3 pts.) 

Integer       Fraction       Coefficient 

0.8125 x 2 =             1        +   0.6250           
1 1a    

0.6250 x 2 =   1        +   0.250  
2 1a    

0.250 x 2 =    0         +   0.500  
3 0a    

0.500 x 2 =              1         +   0.0000  
4 1a    

   
10 2

0.8125 0.1101    

 
 
 
 
 
 
 
 
 
b) Convert the hexadecimal number C1A9  to binary, and  to octal. (4 pts.) 

C 1 A 9 

1100 0001 1010 1001 

 

001 100 000 110 101 001 

1 4 0 6 5 1 

 
 

     
16 2 8

1 9 1100 0001 1010 1001 140651C A     

 
 
 
 
 
 
 
c) Convert the following binary number to hexadecimal and to octal:  10.010 (4 pts.) 

 

     
2 16 8

10.010 2.4 2.2    
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d) Convert decimal +37 and +58 to binary, using the signed‐2’s‐complement 
representation and enough digits to accommodate the numbers. Then perform the 
binary equivalent of (+37) + (-58), (-37) + (+58), and (-37) + (-58). (10 pts.) 

 
Integer Remainder 
37  
18 1 
9 0 
4 1 
2 0 
37 0 
0 1 

   
10 2

37 100101  

 
Integer Remainder 
58  
29 0 
14 1 
7 0 
3 1 
1 1 
0 1 

   
10 2

58 111010  

The summation of 37 and 58 is 95 and needs 7 bits. 1 extra bit is needed for the sign of the 
number. Therefore we require 8 bits to accommodate the each number. 

   
10 2

37 00100101      
 

 

37 11011011

58 11000110

 

 
  

   
10 2

58 00111010     

 
(+37) + (-58) = -21 
 0 0 1 0 0 1 0 1 
+ 1 1 0 0 0 1 1 0 

 1 1 1 0 1 0 1 1 
No carry. This means that the result is negative.  In order to find the result put a minus sign 
and take the 2’s complement of the result. 

   
2 10

00010101 21     

 
(-37) + (+58)=21 
 1 1 0 1 1 0 1 1 
+ 0 0 1 1 1 0 1 0 

1 0 0 0 1 0 1 0 1 

   
2 10

00010101 21  

 
(-37) + (-58)= 
 1 1 0 1 1 0 1 1 
 + 1 1 0 0 0 1 1 0 

1 1 0 1 0 0 0 0 1 

Since the most significant bit is 1 the result is negative.    
2 10

01011111 95     
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e) Decode the following ASCII code if the most significant bit is parity bit and determine 

the parity used: odd or even (4 pts.) 

. .

11000101 00101110 01001101 00101110 01010101
E M U

  

Since we have even number of 1 in each  8 bits, EVEN parity is used. 
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Question 2 
 

a) Given the Boolean expression F = x’y + xyz’:   (7 pts.) 
i. Derive an algebraic expression for the complement F’. 
ii. Show that F·F’ = 0. 

 

   F x y x y z         

     
0 0 ' 0

00 0

' ' ' ' ' ' ' ' '

' ' ' ' ' ' 0

xyz

F F x y xyz x y x y z x yx x yy xxyz xyz y x y z

F F xyz x xyz y xyz z

 
                

 
 

    

  

 
 
 
 

b) Express the following function as a sum of minterms and as a product of maxterms (8 

pts.) 

   

           

( , , , )

( , , , ) ' ' ' ' ' ' ' ' '

( , , , ) ' ' ' ' ' ' ' ' ' '

( , , , ) ' ' ' ' ' ' ' ' ' ' '

' ' ' '

F w x y z x z wy wy x z w y

F w x y z x z wx y wx y wyz w y x z wx y wyz w y

F w x y z w w x y y z wx y z z w x x yz w x x y z z

F w x y z wx yz wx y z w x yz w x y z wx yz wx yz

wxyz wx yz w x

       

        

         

     

  

 

 

11 9 3 1 11 10 14 10 7 6 3 2

' ' ' ' ' ' '

( , , , )

( , , , ) 1, 2,3,6,7,9,10,11,14

( , , , ) 0, 4,5,8,12,13,15

yz w xyz w x yz w x yz

F w x y z m m m m m m m m m m m m

F w x y z

F w x y z

  

           








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c) Given the Boolean function F = xy’z + x’y’z + xyz (10 pts.) 

i. List the truth table 
ii. Simplify the function using Boolean algebra 
iii. List the truth table of the simplified function 

x y z x’ y’ xy’z x’y’z xyz xy’z + x’y’z + xyz y’z xz y’z+xz 
0 0 0 1 1 0 0 0 0 0 0 0 

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

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

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

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

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

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

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

 

 

xy’z + x’y’z + xyz=(x+x’)y’z+ xy’z +xyz=y’z+x(y+y’)z=y’z+xz 
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Question 3 
 

Given the Boolean function   

 )11 ,10 ,7 ,6 ,1 ,0()D ,C ,B ,(AF
 

together with the don’t care conditions 

 , , ,  A B Cd A B C D    .     (25 pts.) 

 

a) Simplify F in sum of products (SOP). 

b) Implement F with one NAND gate only.  

c) Simplify F in product of sums (POS). 

d) Implement F with two NOR gates only. 

 

A B C D d 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 1 

0 0 1 1 1 

0 1 0 0 1 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 1 0 

1 0 0 0 1 

1 0 0 1 1 

1 0 1 0 0 

1 0 1 1 0 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 1 

1 1 1 1 1 

 

   , , ,  2,3, 4,5,8,9,14,15d A B C D    

 

 

 

 

 

 

 

( , , , ) 'F A B C D A C    

 
For NAND implementation replace OR gate with invert-OR symbol of NAND. 

  CD 

AB 

 00 01 11 10 

00 1 1 X X 

01 X X 1 1 

11 0 0 X X 

10 X X 1 1 
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 

'

' ' ' '

F AB

F F A B



  
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Question 4 
 

Implement the Boolean function 

          

        ))()((),,,( DADBBACDCBAF     
       

        with the minimum number of  

 

a) NAND gates.        

b) NOR gates.     (25 pts.) 

 

 

( , , , ) ( )( )( )

( , , , ) ' ' ' ( )

( , , , ) ' ' ' ' ' '

F A B C D C A B B D A D

F A B C D C AB AD B B D A D

F A B C D C AB D AD A B B D A B D

      

     

     

 

 
 
 

 

 

 

 

 

 

 

 

 

     

, , ,  (Sum of Products)

, , ,

, , ,  (Product of Sums)

F A B C D A B C AD

F A B C D A BC AC D

F A B C D A B C A C D

   

     

     

  

 

 

 

 

  CD 

AB 

 00 01 11 10 

00 1 1 1 1 

01 0 0 1 1 

11 0 1 1 1 

10 0 1 1 1 


