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Logic design (2016 spring) 
Quiz # 4  

Name:____________________________ID:________________________________ 
 
1. A combinational circuit has four binary inputs (A, B, C, D) and three binary outputs (X, Y, Z).  

XYZ represents a binary number whose value equals the number of 0’s at the input.  
For example, if ABCD = 1011 then  XYZ = 001.  
(a) (15%) Complete the true table for the circuit.  
(b) (15%) Find the minterm expansions for X using 𝑚𝑚-notation.  
(c) (16%) Find the maxterm expansions for Z using 𝑀𝑀-notation.  
Note that the order of literals for 𝑚𝑚-notation and 𝑀𝑀-notation is ABCD. 
 

ABCD X Y Z 

0000 𝟏𝟏 𝟎𝟎 𝟎𝟎 

0001 𝟎𝟎 𝟏𝟏 𝟏𝟏 

0010 𝟎𝟎 𝟏𝟏 𝟏𝟏 

0011 𝟎𝟎 𝟏𝟏 𝟎𝟎 

0100 𝟎𝟎 𝟏𝟏 𝟏𝟏 

0101 𝟎𝟎 𝟏𝟏 𝟎𝟎 

0110 𝟎𝟎 𝟏𝟏 𝟎𝟎 

0111 𝟎𝟎 𝟎𝟎 𝟏𝟏 

1000 𝟎𝟎 𝟏𝟏 𝟏𝟏 

1001 𝟎𝟎 𝟏𝟏 𝟎𝟎 

1010 𝟎𝟎 𝟏𝟏 𝟎𝟎 

1011 0 0 1 

1100 𝟎𝟎 𝟏𝟏 𝟎𝟎 

1101 𝟎𝟎 𝟎𝟎 𝟏𝟏 

1110 𝟎𝟎 𝟎𝟎 𝟏𝟏 

1111 𝟎𝟎 𝟎𝟎 𝟎𝟎 

𝐗𝐗 = 𝒎𝒎(𝟎𝟎) = 𝐀𝐀′𝐁𝐁′𝐂𝐂′𝐃𝐃′ 

𝐙𝐙 = �𝑴𝑴(𝟎𝟎,𝟑𝟑,𝟓𝟓,𝟔𝟔,𝟗𝟗,𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏)

= (𝐀𝐀′ + 𝐁𝐁′ + 𝐂𝐂′ + 𝐃𝐃′)(𝐀𝐀′ + 𝐁𝐁′ + 𝐂𝐂 + 𝐃𝐃)(𝐀𝐀′ + 𝐁𝐁 + 𝐂𝐂′ + 𝐃𝐃)(𝐀𝐀′ + 𝐁𝐁 + 𝐂𝐂 + 𝐃𝐃′)(𝐀𝐀 + 𝐁𝐁′

+ 𝐂𝐂′ + 𝐃𝐃)(𝐀𝐀 + 𝐁𝐁′ + 𝐂𝐂 + 𝐃𝐃′)(𝐀𝐀 + 𝐁𝐁 + 𝐂𝐂′ + 𝐃𝐃′)(𝐀𝐀 + 𝐁𝐁 + 𝐂𝐂 + 𝐃𝐃) 
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2. (54%) A full adder has three binary inputs (X, Y, Cin) and two binary outputs (Cout, Sum).  

The true table for the full adder is given below. Please complete the logic circuit of the full adder by 
filling in the blanks for (a) ~ (f) with X, Y, or Cin. 
 

X Y Cin Cout Sum 
0 0 0 0 0 
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 1 

 

(a) 𝐂𝐂𝐢𝐢𝐢𝐢 𝐗𝐗 𝐘𝐘 

(b) 𝐗𝐗 𝐂𝐂𝐢𝐢𝐢𝐢 𝐗𝐗 

(c) 𝐘𝐘 𝐘𝐘 𝐂𝐂𝐢𝐢𝐢𝐢 

(d) 𝐂𝐂𝐢𝐢𝐢𝐢 𝐗𝐗 𝐘𝐘 

(e) 𝐗𝐗 𝐂𝐂𝐢𝐢𝐢𝐢 𝐗𝐗 

(f) 𝐘𝐘 𝐘𝐘 𝐂𝐂𝐢𝐢𝐢𝐢 

 
 

 
 
 
 
 

𝐒𝐒𝐒𝐒𝐒𝐒 = 𝐗𝐗′𝐘𝐘′𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗′𝐘𝐘𝐂𝐂𝐢𝐢𝐢𝐢′ + 𝐗𝐗𝐘𝐘′𝐂𝐂𝐢𝐢𝐢𝐢′ + 𝐗𝐗𝐗𝐗𝐂𝐂𝐢𝐢𝐢𝐢 = (𝐗𝐗′𝐘𝐘′ + 𝐗𝐗𝐗𝐗)𝐂𝐂𝐢𝐢𝐢𝐢 + (𝐗𝐗′𝐘𝐘 + 𝐗𝐗𝐘𝐘′)𝐂𝐂𝐢𝐢𝐢𝐢′

= (𝐗𝐗 ⨁ 𝐘𝐘)′𝐂𝐂𝐢𝐢𝐢𝐢 + (𝐗𝐗 ⨁ 𝐘𝐘)𝐂𝐂𝐢𝐢𝐢𝐢′ = 𝐗𝐗 ⨁ 𝐘𝐘⨁ 𝐂𝐂𝐢𝐢𝐢𝐢 = (𝐗𝐗 ⨁ 𝐘𝐘 )⨁ 𝐂𝐂𝐢𝐢𝐢𝐢 
 
𝐂𝐂𝐨𝐨𝐨𝐨𝐨𝐨 = 𝐗𝐗′𝐘𝐘𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗𝐘𝐘′𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗𝐗𝐗𝐂𝐂𝐢𝐢𝐢𝐢′ + 𝐗𝐗𝐗𝐗𝐗𝐗𝐢𝐢𝐢𝐢 = (𝐗𝐗′𝐘𝐘 + 𝐗𝐗𝐘𝐘′)𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗𝐗𝐗(𝐂𝐂𝐢𝐢𝐢𝐢′ + 𝐂𝐂𝐢𝐢𝐢𝐢) = (𝐗𝐗 ⨁ 𝐘𝐘)𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗𝐗𝐗

= (((𝐗𝐗 ⨁ 𝐘𝐘)𝐂𝐂𝐢𝐢𝐢𝐢 + 𝐗𝐗𝐗𝐗)′)′ = (((𝐗𝐗 ⨁ 𝐘𝐘)𝐂𝐂𝐢𝐢𝐢𝐢)′(𝐗𝐗𝐗𝐗)′)′ 


