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Y = AB + BC + AC 

   = AB(C+𝐶) + BC(A+𝐴)+AC(B+𝐵) 

   = ABC + AB𝐶 + ABC + 𝐴BC + ABC + A𝐵C 

   = ABC + AB𝐶 + 𝐴BC + A𝐵C 



 

 

  



 

 

  

Both of the outputs are the same for circuit (i) and circuit 

(ii). In conclusion, the non-standard form and standard 

form of the circuit will produce the same output. 

When one input is low or any 2 input is high, then output Y 

will be high. When all input is low or, one input is high and 

two input is low, then output Y will be low. 
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Based on the output results in Truth Table 2 and Truth Table 1, we can 

conclude that truth table 1 has invalid “don’t care” outputs that are labelled as 

X while truth table 2 does not have invalid outputs. When X output is grouped 

together with “1” output in K-map, it can function as “1”. 



 

 

  

From the timing diagram, we can observe that when input D is high while the other inputs A, B, and C are low, or 

inputs D and B are high while inputs A and C are low, then output for E1 will be high. When all input A, B, C, and D 

are low, or input C is high while inputs A, B, and D are low, or input B is high while inputs A, C, and D are low, or 

inputs B and C are high while inputs A and D are low, then output for E2 will be high. When inputs A and D are high 

while input B and C are low, or inputs A, C, and D are high while input B is low, or inputs A, B, and D are high while 

input C is low, or inputs A, B, C, and D are High, then output for E3 will be high. Meanwhile, when inputs A and B are 

high while inputs C and D are low, or inputs A, B, and C are high while input D is low, then output for E4 will be high. 
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Based on the output results in Truth Table 3 and Truth Table 2, they both 

produce the same output. Truth Table 3 uses NAND gates while Truth Table 

2 uses basic gates which are AND, OR, and NOT gates. Therefore, we can 

conclude that NAND gates are universal because it can function as AND, 

OR, and NOT gates. 



 

 

From the timing diagram, we can observe that when input D is high while the other inputs A, B, and C are low, or 

inputs D and B are high while inputs A and C are low, then output for E1 will be high. When all input A, B, C, and D 

are low, or input C is high while inputs A, B, and D are low, or input B is high while inputs A, C, and D are low, or 

inputs B and C are high while inputs A and D are low, then output for E2 will be high. When inputs A and D are high 

while input B and C are low, or inputs A, C, and D are high while input B is low, or inputs A, B, and D are high while 

input C is low, or inputs A, B, C, and D are High, then output for E3 will be high. Meanwhile, when inputs A and B are 

high while inputs C and D are low, or inputs A, B, and C are high while input D is low, then output for E4 will be high. 


