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Topics 
 Elementary Boolean operators 
 Duality 
 Basic theorems 
 Algebraic minimization 

 
Problems 
 
1 Recall the truth table of the elementary Boolean operators. Solve the following system of 

equations for the variables A, B, C and D 
 

൝ 
𝐴ᇱ  𝐴.𝐵 ൌ 0
𝐴.𝐶 ൌ 𝐴.𝐵

𝐴.𝐵  𝐴.𝐶ᇱ  𝐶.𝐷 ൌ 𝐶ᇱ.𝐷
 

 
2 Verify, by perfect induction, the following simplification theorems. Write the dual 

counterpart of each theorem. 

a) 𝑥  𝑥. 𝑦 ൌ 𝑥  b) 𝑥  𝑥ᇱ.𝑦 ൌ 𝑥  𝑦  c) 𝑥.𝑦  𝑥.𝑦ᇱ ൌ 𝑥 

3 Show that 𝑥ᇱ.𝑦ᇱ. 𝑧ᇱ  𝑥ᇱ.𝑦ᇱ. 𝑧  𝑥ᇱ.𝑦. 𝑧ᇱ  𝑥ᇱ.𝑦. 𝑧  𝑥.𝑦. 𝑧ᇱ  𝑥. 𝑦. 𝑧 ൌ 𝑥ᇱ  𝑦  

4 Show that 𝑥.𝑦  𝑥′. 𝑧  𝑦. 𝑧 ൌ  𝑥.𝑦  𝑥′. 𝑧. Write the dual version of the previous 
expression. 

5 Write the truth table of the XOR operation 𝑥 ⊕ 𝑦. Express this operator as an elementary 
sum of logic products. 

6 Consider the logic circuits in the figure and show, by algebraic methods, that 𝑍ଵ ൌ 𝑍ଶ ൌ
𝑍ଷ. 
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7 Use DeMorgan’s laws to obtain the complement of: 

a) ሺ𝑥.𝑦ᇱ  𝑥ᇱ. 𝑦ሻ  b) ሺ𝑥.𝑦  𝑧. ሺ𝑥  𝑦ᇱሻ  𝑧. 𝑦ሻ 
 

8 Show that ሺ𝑎ᇱ. 𝑏  𝑎. 𝑐ሻ. ሺ𝑎  𝑏′ሻ. ሺ𝑎ᇱ  𝑐ᇱሻ ൌ 0 
 

9 Show that the dual of an XOR is an XNOR, that is ሺ𝑥 ⊕ 𝑦ሻ ൌ ሺ𝑥 ⊕ 𝑦ሻᇱ. 
 

10 Implement the XOR operation with NAND gates. Assume that both uncomplemented and 
complemented inputs are available. 

 

11 Consider the following Boolean functions: 
𝑆 ൌ 𝑥 ⊕ 𝑦⊕ 𝑐 

𝐶 ൌ 𝑥.𝑦   𝑐 . ሺ𝑥  𝑦ሻ 

a) Draw the logic circuit. 

b) Redraw the circuit using only NAND gates. 

12 The Majority function 𝑀ሺ𝑥,𝑦, 𝑧ሻ, is 1 whenever there are at least two inputs equal to 1. 

a) Write the truth table for 𝑀ሺ𝑥,𝑦, 𝑧ሻ. 

b) From the truth table propose a Boolean expression for 𝑀ሺ𝑥,𝑦, 𝑧ሻ. 

c) Draw the corresponding logic circuit. 

d) Show that using the set 𝑆 ൌ ሼ𝑀ሺ𝑥,𝑦, 𝑧ሻ,𝑁𝑂𝑇, "0"ሽ we can express any logic function. 
Suggestion: show how to implement the fundamental Boolean operators {“+”,”.”} 
using the elements of S. 

 


