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For this lab we will continue to build up our data-path by adding a 
functional unit to the register file.  We will start with a 16 bit 2’s complement 
adder/subtractor.  To keep things simple, we will use ripple carry addition. 
The key to this lab is to match the pitch of the adder to the pitch of the 
register file so that you will not have to do any serious wire routing.  
 



2 

 
Each bit of the adder should take in two bits and generate an output bit. The 
inputs come from the two read buses from the register file. The Sum output 
should connect to the write bus.  Later we might add a tri-state driver to the 
output of the adder so that other devices can put data on the write bus.  
 
Inside the Adder might look like this: 

 
The adder should also generate Carry Out, Overflow, and Zero output 
signals. Zero is true iff the sum is all zeros. Carry out comes from the most 
significant bit. Overflow is true if the results of the Add / Subtract operation 
are invalid.  
This happens if the results of adding two positive numbers yields a negative 
result, or if the addition of two negative numbers yields a positive result. In 
terms of the “circle representation, it happens if one crosses the wrap 
around point between the most positive and most negative number.  This 
can be easily detected if the carry in for the last bit, does not match the 
carry out: 

 

Overflow if you cross this line 

100 = -4
101 = -3 
110 = -2 
111 = -1 
000 = 0 
001 = 1 
010 = 2 
011 = 3 

Cin ≠Cout

Cin = Cout
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For the zero tests, you will need a big nor gate. Instead of that, you might 
want to do this with a tree of NOR gates feeding NAND gates feeding a NOR 

gate: 
 


