
Midterm Solution



Q1

1. False. Counter-example: x = 0, y = 0, z = 1. xy = 0*0 = 0, xz = 0*1 = 0, 
           so xy = xz, but y ≠ z. 

2. True. If x + y = xy, then we can show i. x’(x+y)=x’xy -> x’y= 0 and ii. 
x’+x+y=x’+xy -> x’+y= 1, by the uniqueness of the complement y=(x’)’=x. 

3. True. By the uniqueness of the complement, we have y=z.



Q1

4. True, consider the following K-map:

5. False, cannot get NOT gate.

6. True, contains {AND, NOT}.  AND: f(x,y,0)  NOT: f(1,1,z)

7. True, contains {AND, NOT, OR}.  NOT: f(0,y,0) AND: f(1,y,z)

A\B 0 1

0 x 0

1 1 x



Q2

y(a,b,c,d)=[(a+b)cd]’
(1) When y = 0

(a+b)cd = 1
(a+b)=1 AND cd = 1

(2) When y = 1
(a+b)cd=0
(a+b)=0 OR c=0 OR d=0

 



Q3
Q3.1 

1.
f(a,b,c)=ab’+a’b’c
           =ab’+b’c  
           (consensus: b’c is consensus term)

2.
f(a,b,c)=(a+bc)(a’+b’c’)(bc+b’c’)
           =(a+bc)(a’+b’c’)      (consensus)
           =aa’+ab’c’+a’bc+bb’cc’  (distributive)
           =ab’c’+a’bc    (complements)



Q4

f(a,b,c)=a’b’+ab, or
           =a’b’+ac’  



Q4

f(a,b,c)=(a+c)(a’+b’)



Q5



B1

It is not possible to recover the original value of an operand after performing the 
OR operation. Let z = x + y denote the operation. Suppose y = 1. Then regardless 
of input x, z = 1 and consequently x = 0 and x = 1 are indistinguishable from each 
other



B2

i. The below simple combination of OR 
gates suffices 

ii, iii. The minimal number of gates is 
obtained using a binary decision 
diagram that tracks the number of 1s.
The diagram leaves terminate when the 
derived number of 1s have been 
obtained. The diagram may be 
implemented via AND & NOT gates.

Or, we can use a “bit counter” to count 
the number of true bits (ref. 
multiplication). We provide the output 
based upon the counted values. The 
diagram is shown for ii is shown to the 
left.



B3
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Note here, x=a, y=b, z=ab xor c, thus xy xor z = c.


