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EXAM I ANSWERS

1) a) The gate network for the expression in question is as follows : 

b) The truth table based on the expression is below.  We know that there will be five output columns as there are five
gates in the gate network :        

2) a) The algebraic simplification to obtain the minimal SOP expression :     

D

Single-rail inputs 
B

B

A + BA

B

C

A
f(A, B, C, D) = (A + B)(B + D)(A + C)

a b c d     B     A + B      B + D      A + C     f(A, B, C, D)    

0 0 0 0      1        1              0                0                0            

0 0 0 1      1        1              1                0                0          

0 0 1 0      1        1              0                1                0       

0 0 1 1      1        1              1                1                1         

0 1 0 0      0        0              1                0                0         

0 1 0 1      0        0              1                0                0        

0 1 1 0      0        0              1                1                0         

0 1 1 1      0        0              1                1                0        

1 0 0 0      1        1              0                1                0           

1 0 0 1      1        1              1                1                1          

1 0 1 0      1        1              0                1                0        

1 0 1 1      1        1              1                1                1         

1 1 0 0      0        1              1                1                1         

1 1 0 1      0        1              1                1                1        

1 1 1 0      0        1              1                1                1       

1 1 1 1      0        1              1                1                1      
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f(A, B, C, D) M(0, 1, 2, 4, 5, 6, 7, 8, 10)=

Based on the truth table, the maxterm list is as follows :

f(a, b, c, d) = [a + (a d + a)(a b + a)][b + (b + d)] + cd + abcd +  abcd + (b + d)

= [a + (a)( a)][b + (b + d)] + cd + abcd +  abcd + (b + d)        ===>   k + km = k

= [a + (a)( a)][b + (b + d)] + cd + (b + d)        ===>   k + km = k

= [a + (a)( a)][b + (bd)] + cd + b d        ===> (k + m) = k m  &  k = k

= [a + (a)( a)][b] + cd + b d        ===>   k + km = k

= ab + cd + b d       ===>   k k = 0  &  k + 0 = k
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b) We know that an SOP expression is implemented by a 2-level AND-OR gate network.  We also know that a 2-
level AND-OR gate network is immediately implemented by a 2-level NAND-NAND gate network.

3) We perform the fixed-point unsigned binary addition below :       

4)     

The machine player strategy does not check for code digits and so misses to earn code reward points when the ran-
dom digit is 5, 4 and 9 above.  On the other hand, by chance it earns code reward points when the random digit is 7
and 6.

RD
Displays Before Play
PD3  PD2  PD1  PD0

Displays After Play
PD3  PD2  PD1  PD0

D/A
The 

Adjacency

Points 
Earned 

(Decimal)

Machine 
player

plays again ?

5 4       9      9     E 9       9      9     E A 2 36 Y

7 C      C      C     C C      C      C     7 D 0 63 N

4 6      0      6      3 6      0      A      3 A 0 10 N

6 5      F      8      1 5      F      E      1 A 0 126 N

9 F      6      5      F F      F      5      F A 1 30 Y

a
b

c
d

b

d

f(a, b, c, d) = ab + cd + b d

Single-rail inputs 

0 0 1 1 1 0  . 1 1  
 5   4  3   2   1  0     -1  -2 

23 + 22 + 21 + 2-1 + 2-2 = 8+ 4 + 2 + 0.5 + 0.25 = (14.75)10  

We added two negative numbers and0
cin

We convert the result to decimal below.  Since the result is negative, we make it positive first :  

cout

1

         
That is, the result is correct !  

We code the result in Hexadecimal below.  We have to do a sign extension on the left side and attach zeros on the right side :

1 1 1 1 0 0 0 1  .  0 1 

F 1

 0 0 => (F1.4)Hex

         
          1 1 0 0 0 1 . 0 1

 1 1 0 0 0 1 . 1 1  

         +  1 1 1 1 1 1 . 1 0 Thefore, there is no overflow.   

the result is negative !

1 1 0 0 0 1 . 0 1 = 
2

4

=> (-14.75)10  


