
UNCA CSCI 311, UNCA ENGR 212, ECE 212 Sections 602, 603, and 604 

Derived from ECE212-002, Spring 2003 

Homework Assignment #2 

Due on Thursday, Jan 29, 2004 
at start of class 

1) Do the actions below for each equation:  

a. f(a,b,c) = (a XOR b) (a XOR c') 
b. f(a,b,c) = (a + b) (a + c') (b + c')  
c. f(a,b,c) = ab'(b + c) + (a' (b' + c) + a c') b  

Note: XOR is the "exclusive-OR" function. A XOR B = AB' + A'B (produces 1 if 
either A is 1 or B is 1, but not if both are 1).  

• Draw the logic circuit diagram that directly implements the function (i.e., OR and 
AND gates should match sum and product terms in the original equation).  

• Construct the truth table.  
• From the truth table, rewrite the equation in canonical sum-of-products (SOP) 

form, and then use shorthand SOP notation.  
• From the canonical SOP, draw the circuit diagram with only NAND gates.  
• From the truth table, rewrite the equation in canonical product-of-sums (POS) 

form, and then use shorthand POS notation.  
• From the canonical POS, draw the circuit diagram with only NOR gates.  
• Which of SOP or POS circuits use fewer gates?  

2) Do the following for the circuit drawn below.  

• Derive the Boolean equation corresponding to the circuit (do not simplify the 
expression -- sum/product terms should exactly match OR/AND gates in the 
circuit diagram).  

• Simplify the Boolean equation using only switching algebra theorems (no 
Karnaugh Maps) -- SHOW ALL OF YOUR SIMPLIFICATION STEPS! Express 
the simplified equation in sum-of-product form.  

• How many (1) AND gates and (2) OR gates are needed to implement your 
simplified expression?  

• Derive the sum-of-product Boolean equation that produces the exact opposite 
(complement) of the circuit drawn below.  
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3) A voting logic makes a decision based on the majority of votes. The logic receives 
four inputs w, x, y, and z, which represents the binary representation of the number of the 
15 members that vote "yes" (=1). For example, if there are 8 members that vote yes (w=1, 
x=y=z=0), then the output of the voting logic should also be a yes (=1).  

• Express the voting logic function in truth table  
• Express it in canonical SOP  
• Using boolean algebra theorems (namely theorem 9 and 10), simplify the logic 

function so that it uses a minimum number of gates  

4) A parity bit calculates the parity of 3 bit input x, y, and z. The output is "1" if only 
one-of or all-of x, y, or z, is "1". 

• Express the parity logic function in truth table  
• Express it in canonical SOP  
• Using boolean algebra theorems (namely theorem 9 and 10), simplify the logic 

function so that it uses a minimum number of gates  

5) Simplify the following expressions using only boolean algebra (show all your steps for 
credit). Hint: utilize theorem 9 and 10.  

a. f(a,b,c) = (a XOR b) (a XOR c') 
b. f(a,b,c) = (a + b) (a + c') (b + c')  
c. f(a,b,c) = ab'(b + c) + (a' (b' + c) + a c') b  
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6) Apply De Morgan's theorem to find the inverse function f ', showing your intermediate 
steps.  

a. f(a,b,c) = (a XOR b) (a XOR c') 
b. f(a,b,c) = (a + b) (a + c') (b + c')  
c. f(a,b,c) = ab'(b + c) + (a' (b' + c) + a c') b  
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