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Homework 6 Solutions 

Problem 1: 

a) 

 𝑥 v̅ 𝑥 = (𝑥 + 𝑥)′ = 𝑥′   because 𝑥 + 𝑥 = 𝑥 by the idempotence laws 

 𝑥 v̅ 1 = (𝑥 + 1)′ = 1′ = 0 because 𝑥 + 1 = 1 by the absorption laws. 

 𝑥 v̅ 0 = (𝑥 + 0)′ = 𝑥′  because 𝑥 + 0 = 0 by the identity laws. 

b) 

 𝑥 + 𝑦 = ((𝑥 + 𝑦)′)′ = (𝑥 v̅ 𝑦)′ = (𝑥 v̅ 𝑦) v̅ 0 (the 1st equality comes from (z’)’=z, the 2nd  

equality comes from the definition of v̅, and the last comes from the 3rd equality of part (a) 

above) 

 𝑥 ∙ 𝑦 = (𝑥′ + 𝑦′)′ = 𝑥′ v̅ 𝑦′ = (𝑥 v̅ 0) v̅ (𝑦 v̅ 0)  (the 1st equality comes from De 

Morgan’s laws, the 2nd comes from the definition of v̅, and the last comes from the third 

equality of part (a) above) 

 𝑥′ = (𝑥 v̅ 0) 

Problem 2: 

a) 

x y z w 𝑓(𝑥, 𝑦, 𝑧, 𝑤) DNF Factors 

0 0 0 0 0  

0 0 0 1 0  

0 0 1 0 0  

0 0 1 1 1 ⟹ 𝑥′𝑦′𝑧𝑤 
0 1 0 0 0  

0 1 0 1 1 ⟹ 𝑥′𝑦𝑧′𝑤 

0 1 1 0 1 ⟹ 𝑥′𝑦𝑧𝑤′ 

0 1 1 1 1 ⟹ 𝑥′𝑦𝑧𝑤 

1 0 0 0 0  

1 0 0 1 1 ⟹ 𝑥𝑦′𝑧′𝑤 
1 0 1 0 1 ⟹ 𝑥𝑦′𝑧𝑤′ 
1 0 1 1 1 ⟹ 𝑥𝑦′𝑧𝑤 

1 1 0 0 1 ⟹ 𝑥𝑦𝑧′𝑤′ 
1 1 0 1 1 ⟹ 𝑥𝑦𝑧′𝑤 
1 1 1 0 1 ⟹ 𝑥𝑦𝑧𝑤′ 
1 1 1 1 1 ⟹ 𝑥𝑦𝑧𝑤 

 

𝑓 =  𝑥′𝑦′𝑧𝑤 +  𝑥′𝑦𝑧′𝑤 + 𝑥′𝑦𝑧𝑤′ + 𝑥′𝑦𝑧𝑤 + 𝑥𝑦′𝑧′𝑤 + 𝑥𝑦′𝑧𝑤′ + 𝑥𝑦′𝑧𝑤 + 𝑥𝑦𝑧′𝑤′ + 𝑥𝑦𝑧′𝑤 + 𝑥𝑦𝑧𝑤′

+ 𝑥𝑦𝑧𝑤 

 



b) 

x y z w 𝑔(𝑥, 𝑦, 𝑧, 𝑤) DNF Factors 

0 0 0 0 1 ⟹ 𝑥′𝑦′𝑧′𝑤′ 
0 0 0 1 1 ⟹ 𝑥′𝑦′𝑧′𝑤 
0 0 1 0 1 ⟹ 𝑥′𝑦′𝑧𝑤′ 
0 0 1 1 0  

0 1 0 0 1 ⟹ 𝑥′𝑦𝑧′𝑤′ 

0 1 0 1 0  

0 1 1 0 0  

0 1 1 1 1 ⟹ 𝑥′𝑦𝑧𝑤 
1 0 0 0 1 ⟹ 𝑥𝑦′𝑧′𝑤′ 
1 0 0 1 0  

1 0 1 0 0  

1 0 1 1 1 ⟹ 𝑥𝑦′𝑧𝑤 
1 1 0 0 0  

1 1 0 1 1 ⟹ 𝑥𝑦𝑧′𝑤 

1 1 1 0 1 ⟹ 𝑥𝑦𝑧𝑤′ 
1 1 1 1 1 ⟹ 𝑥𝑦𝑧𝑤 

 

𝑔 =  𝑥′𝑦′𝑧′𝑤′ + 𝑥′𝑦′𝑧′𝑤 + 𝑥′𝑦′𝑧𝑤′ + 𝑥′𝑦𝑧′𝑤′ + 𝑥′𝑦𝑧𝑤 + 𝑥𝑦′𝑧′𝑤′ + 𝑥𝑦′𝑧𝑤 + 𝑥𝑦𝑧′𝑤 + 𝑥𝑦𝑧𝑤′

+ 𝑥𝑦𝑧𝑤 

 

c) 

x y z w ℎ(𝑥, 𝑦, 𝑧, 𝑤) DNF Factors 

0 0 0 0 1 ⟹ 𝑥′𝑦′𝑧′𝑤′ 
0 0 0 1 0  

0 0 1 0 0  

0 0 1 1 0  

0 1 0 0 0  

0 1 0 1 0  

0 1 1 0 0  

0 1 1 1 0  

1 0 0 0 0  

1 0 0 1 0  

1 0 1 0 0  

1 0 1 1 0  

1 1 0 0 0  

1 1 0 1 0  

1 1 1 0 0  

1 1 1 1 1 ⟹ 𝑥𝑦𝑧𝑤 
 

ℎ =  𝑥′𝑦′𝑧′𝑤′ + 𝑥𝑦𝑧𝑤 



Problem 3: 

a) 

x y z f f’  

0 0 0 0 1 

0 0 1 0 1 

0 1 0 0 1 

0 1 1 1 0 

1 0 0 0 1 

1 0 1 1 0 

1 1 0 1 0 

1 1 1 1 0 

 

b) 

𝐷𝑁𝐹 𝑜𝑓 𝑓 = 𝑥′𝑦𝑧 + 𝑥𝑦′𝑧 + 𝑥𝑦𝑧′ + 𝑥𝑦𝑧 

𝐶𝑁𝐹 𝑜𝑓 𝑓′ = (𝑥 + 𝑦′ + 𝑧′) ∙ (𝑥′ + 𝑦 + 𝑧′) ∙ (𝑥′ + 𝑦′ + 𝑧) ∙ (𝑥′ + 𝑦′ + 𝑧′) 

c) 

𝐷𝑁𝐹 𝑜𝑓 𝑓′ = 𝑥′𝑦′𝑧′ + 𝑥′𝑦′𝑧 + 𝑥′𝑦𝑧′ + 𝑥𝑦′𝑧′ 

𝐶𝑁𝐹 𝑜𝑓 𝑓 = (𝑥 + 𝑦 + 𝑧) ∙ (𝑥 + 𝑦 + 𝑧′) ∙ (𝑥 + 𝑦′ + 𝑧) ∙ (𝑥′ + 𝑦 + 𝑧) 

 

Problem 4: 

a) 

x y z f 

0 0 0 1 

0 0 1 0 

0 1 0 0 

0 1 1 0 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 0 

 

 𝑦 𝑦′ 

𝑥  1 1 1 

𝑥′   1  

 𝑧 𝑧′ 𝑧 
𝑓 = 𝑥𝑧′ + 𝑥𝑦′ + 𝑦′𝑧′ 

 



b) 

x y z f 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 1 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 1 

 

 𝑦 𝑦′ 

𝑥 1 1 1 1 

𝑥′ 1   1 

 𝑧 𝑧′ 𝑧 
𝑓 = 𝑥 + 𝑧 

c) 

x y z w 𝑓 

0 0 0 0 1 

0 0 0 1 1 

0 0 1 0 0 

0 0 1 1 0 

0 1 0 0 1 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 1 0 

1 0 0 0 0 

1 0 0 1 1 

1 0 1 0 0 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 1 1 

1 1 1 0 0 

1 1 1 1 1 

 

 𝑦 𝑦′  

𝑥 1 1 1 1 𝑤 
    𝑤′ 

𝑥′  1 1  

 1 1  𝑤 
 𝑧 𝑧′ 𝑧  

𝑓 = 𝑥𝑤 + 𝑥′𝑧′ 



d) 

x y z w 𝑓 

0 0 0 0 1 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 0 

0 1 0 0 0 

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 1 

1 1 0 0 1 

1 1 0 1 1 

1 1 1 0 0 

1 1 1 1 1 

 

 𝑦 𝑦′  

𝑥 1 1 1 1 𝑤 

 1 1  𝑤′ 

𝑥′   1  

 1   𝑤 
 𝑧 𝑧′ 𝑧  

𝑓 = 𝑥𝑤 + 𝑥𝑧′ + 𝑦′𝑧′𝑤′ + 𝑦𝑧′𝑤 

 

Problem 5: 

a) 

x y z w 𝑓 𝑔 ℎ 
0 0 0 0 1 0 1 

0 0 0 1 0 1 1 

0 0 1 0 0 1 0 

0 0 1 1 1 0 1 

0 1 0 0 0 1 0 

0 1 0 1 1 0 1 

0 1 1 0 1 0 1 

0 1 1 1 0 1 1 

1 0 0 0 0 1 1 

1 0 0 1 1 0 1 

1 0 1 0 1 0 1 

1 0 1 1 0 1 0 



1 1 0 0 1 0 1 

1 1 0 1 0 1 0 

1 1 1 0 0 1 1 

1 1 1 1 1 0 1 

 

b) 

𝐷𝑁𝐹 𝑜𝑓 𝑓 = 𝑥′𝑦′𝑧′𝑤′ + 𝑥′𝑦′𝑧𝑤 + 𝑥′𝑦𝑧′𝑤 + 𝑥′𝑦𝑧𝑤′ + 𝑥𝑦′𝑧′𝑤 + 𝑥𝑦′𝑧𝑤′ + 𝑥𝑦𝑧′𝑤′ + 𝑥𝑦𝑧𝑤 

𝐶𝑁𝐹 𝑜𝑓 𝑓 = (𝑥 + 𝑦 + 𝑧 + 𝑤′) ∙ (𝑥′ + 𝑦 + 𝑧′ + 𝑤) ∙ (𝑥 + 𝑦′ + 𝑧 + 𝑤) ∙ (𝑥 + 𝑦′ + 𝑧′ + 𝑤′)

∙ (𝑥′ + 𝑦 + 𝑧 + 𝑤) ∙ (𝑥′ + 𝑦 + 𝑧′ + 𝑤′) ∙ (𝑥′ + 𝑦′ + 𝑧 + 𝑤)(𝑥′ + 𝑦′ + 𝑧′ + 𝑤′) 

 

𝐷𝑁𝐹 𝑜𝑓 𝑔 = 𝑥′𝑦′𝑧′𝑤 + 𝑥′𝑦′𝑧𝑤′ + 𝑥′𝑦𝑧′𝑤′ + 𝑥′𝑦𝑧𝑤 + 𝑥𝑦′𝑧′𝑤′ + 𝑥𝑦′𝑧𝑤 + 𝑥𝑦𝑧′𝑤 + 𝑥𝑦𝑧𝑤′ 

𝐶𝑁𝐹 𝑜𝑓 𝑔 = (𝑥 + 𝑦 + 𝑧 + 𝑤) ∙ (𝑥 + 𝑦 + 𝑧′ + 𝑤′) ∙ (𝑥 + 𝑦′ + 𝑧 + 𝑤′) ∙ (𝑥 + 𝑦′ + 𝑧′ + 𝑤)

∙ (𝑥′ + 𝑦 + 𝑧 + 𝑤′) ∙ (𝑥′ + 𝑦 + 𝑧′ + 𝑤) ∙ (𝑥′ + 𝑦′ + 𝑧 + 𝑤) ∙ (𝑥′ + 𝑦′ + 𝑧′ + 𝑤′) 

 

𝐷𝑁𝐹 𝑜𝑓 ℎ = 𝑥′𝑦′𝑧′𝑤′ + 𝑥′𝑦′𝑧′𝑤 +  𝑥′𝑦′𝑧𝑤 + 𝑥′𝑦𝑧′𝑤 + 𝑥′𝑦𝑧𝑤′ + 𝑥′𝑦𝑧𝑤 + 𝑥𝑦′𝑧′𝑤′ + 𝑥𝑦′𝑧′𝑤

+ 𝑥𝑦′𝑧𝑤′ + 𝑥𝑦𝑧′𝑤′ + 𝑥𝑦𝑧𝑤′ + 𝑥𝑦𝑧𝑤 

𝐶𝑁𝐹 𝑜𝑓 ℎ = (𝑥 + 𝑦 + 𝑧′ + 𝑤) ∙ (𝑥 + 𝑦′ + 𝑧 + 𝑤) ∙ (𝑥′ + 𝑦 + 𝑧′ + 𝑤′) ∙ (𝑥′ + 𝑦′ + 𝑧 + 𝑤′) 

 

c) 

𝑓 𝑦 𝑦′  

𝑥 1  1  𝑤 
 1  1 𝑤′ 

𝑥′ 1  1  

 1  1 𝑤 

 𝑧 𝑧′ 𝑧  
𝑓 = 𝑥′𝑦′𝑧′𝑤′ + 𝑥′𝑦′𝑧𝑤 + 𝑥′𝑦𝑧′𝑤 + 𝑥′𝑦𝑧𝑤′ + 𝑥𝑦′𝑧′𝑤 + 𝑥𝑦′𝑧𝑤′ + 𝑥𝑦𝑧′𝑤′ + 𝑥𝑦𝑧𝑤 

 

𝑔 𝑦 𝑦′  

𝑥  1  1 𝑤 
1  1  𝑤′ 

𝑥′  1  1 

1  1  𝑤 
 𝑧 𝑧′ 𝑧  

𝑔 = 𝑥′𝑦′𝑧′𝑤 + 𝑥′𝑦′𝑧𝑤′ + 𝑥′𝑦𝑧′𝑤′ + 𝑥′𝑦𝑧𝑤 + 𝑥𝑦′𝑧′𝑤′ + 𝑥𝑦′𝑧𝑤 + 𝑥𝑦𝑧′𝑤 + 𝑥𝑦𝑧𝑤′ 

 

 



ℎ 𝑦 𝑦′  

𝑥 1  1  𝑤 
1 1 1 1 𝑤′ 

𝑥′ 1  1  

1 1 1 1 𝑤 
 𝑧 𝑧′ 𝑧  

ℎ = 𝑦𝑧 + 𝑦′𝑧′ + 𝑥𝑤′ + 𝑥′𝑤 

 

Bonus Problem: 

X y z w 𝑓 

0 0 0 0 1 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 0 

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 1 

1 0 1 1 0 

1 1 0 0 1 

1 1 0 1 1 

1 1 1 0 1 

1 1 1 1 1 

 

 𝑦 𝑦′  

𝑥 1 1 1  𝑤 
1 1 1 1 𝑤′ 

𝑥′  1 1  

 1   𝑤 
 𝑧 𝑧′ 𝑧  

 

𝑓 = 𝑥𝑦 + 𝑥𝑧′ + 𝑥𝑤′ + 𝑦𝑧′ + 𝑧′𝑤′ 

 


