
Today 

• Today 

– Datapath modules 

– Complete processor using gates 
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From De Morgan’s Laws 
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Goal: Build everything using only logic gates! 



• Memories (PM, RF, RAM) – Friday 
• Registers – Friday 
• MUX (ok!) 
• ALU 
• Incrementor (+1) 

 



ALU 

Why this way? 
Take 352, 552, 752, 757  
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Drawing conventions 
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Other gates 
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Multiplexor 
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1-bit adder (FULL ADDER) 



FA FA FA FA FA FA FA FA 

𝐴7𝐵7 𝐴6𝐵6 𝐴5𝐵5 𝐴4𝐵4 𝐴3𝐵3 𝐴2𝐵2 𝐴1𝐵1 𝐴0𝐵0 
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8-bit adder! 



FA FA FA FA FA FA FA FA 
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8-bit adder! 



FA FA FA FA FA FA FA FA 
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8-bit adder: example 
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Incrementor using “half adder” 



HA 

A[0] 

S[0] 

1 

HA 

A[1] 

S[1] 

HA 

A[2] 

S[2] 

HA 

A[3] 

S[3] 

HA 

A[4] 

S[4] 

HA 

A[5] 

S[5] 

HA 

A[6] 

S[6] 

HA 

A[7] 

S[7] 

Incrementor 



• Memories (PM, RF, RAM) – Friday 
• Registers – Friday 
• MUX (done) 
• ALU (done) 
• Incrementor (done) 

 



Decoder 

• Convert n-bit signal into a representation where exactly one-
bit is one. 

• N-bit input, 2𝑁 bit output 

A[2] A[1] A[0] d0 d1 d2 d3 d4 d5 d6 d7 

0 0 0 1 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 0 0 

0 1 0 0 0 1 0 0 0 0 0 

0 1 1 0 0 0 1 0 0 0 0 

1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 1 0 0 

1 1 0 0 0 0 0 0 0 1 0 

1 1 1 0 0 0 0 0 0 0 1 



Decoder 
A[
2] 

A[
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A[
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d0 d1 d2 d3 d4 d5 d6 d7 

0 0 0 1 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 0 0 

0 1 0 0 0 1 0 0 0 0 0 

0 1 1 0 0 0 1 0 0 0 0 

1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 1 0 0 

1 1 0 0 0 0 0 0 0 1 0 

1 1 1 0 0 0 0 0 0 0 1 

A[2] A[1] A[0] Output 

0 0 0 d0=1 d0=a[2]’a[1]’a[0]’ 

0 0 1 d1=1 d1=a[2]’a[1]’a[0] 

0 1 0 d2=1 d2=a[2]’a[1]a[0]’ 

0 1 1 d3=1 d3=a[2]’a[1]a[0] 

1 0 0 d4=1 d4=a[2]a[1]’a[0]’ 

1 0 1 d5=1 d5=a[2]a[1]’a[0] 

1 1 0 d6=1 d6=a[2]a[1]a[0]’ 

1 1 1 d7=1 d7=a[2]a[1]a[0] 
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d7 d6 d5 d4 d3 d2 d1 d0 

A[2] A[1] A[0] Output 

0 0 0 d0=1 d0=a[2]’a[1]’a[0]’ 

0 0 1 d1=1 d1=a[2]’a[1]’a[0] 

0 1 0 d2=1 d2=a[2]’a[1]a[0]’ 

0 1 1 d3=1 d3=a[2]’a[1]a[0] 

1 0 0 d4=1 d4=a[2]a[1]’a[0]’ 

1 0 1 d5=1 d5=a[2]a[1]’a[0] 

1 1 0 d6=1 d6=a[2]a[1]a[0]’ 

1 1 1 d7=1 d7=a[2]a[1]a[0] 
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Encoder 

• Takes a one-hot representation and convert to 
unsigned 

• 2𝑁 bit input, N-bit output 

 

 



d7 d6 d5 d4 d3 d2 d1 d0 A[2] A[1] A[0] 

0 0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 1 0 0 0 1 

0 0 0 0 0 1 0 0 0 1 0 

0 0 0 0 1 0 0 0 0 1 1 

0 0 0 1 0 0 0 0 1 0 0 

0 0 1 0 0 0 0 0 1 0 1 

0 1 0 0 0 0 0 0 1 1 0 

1 0 0 0 0 0 0 0 1 1 1 

𝐴[0]  =  𝑑1. 𝑑3. 𝑑5. 𝑑7 

𝐴[1]  =  𝑑2. 𝑑3. 𝑑6. 𝑑7 

𝐴[0]  =  𝑑4. 𝑑5. 𝑑6. 𝑑7 
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We will use encoders and 
decoders to build memories 



Today 

• Today 

– Datapath modules 

– Complete processor using gates 


