[bookmark: _GoBack]Logic Gates as the Building Blocks of the ALU

1.  Half-Adder
Consider adding together two binary bits.  Let’s call the inputs bits ‘A’ and ‘B’, and the outputs ‘S’ (for sum) and ‘C’ (for carry).  The result might be tabulated as below:

	A
	B
	S
	C

	0
	0
	0
	0

	1
	0
	1
	0

	0
	1
	1
	0

	1
	1
	0
	1



If you look closely at this truth table (as such representations are called), we can pick out some obvious facts:
(a) The ‘S’ bit is ON or SET if either A or B is ON, but not if both A and B are ON or OFF;

(b) The ‘C’ bit is ON only if both A and B are ON
As it turns out, this is all we need to know.  We can use the logic gates we previously reviewed to represent both these elements.
Algebraically, using the basic Boolean representations for the logic gates:
S = A XOR B
C = A AND B
In circuit representation: 
[image: Half Adder Circuit]
Build the circuit in the simulator. Apply the various 1 and 0 combinations to the inputs A and B using switches, and record the outputs S and C.
The half-adder isn’t enough to make a real binary adding device.  The C bit (carry) needs to be added in as a third bit for each bit other than the lowest order one.

	Inputs
	Outputs

	A
	B
	Cin
	Cout
	S

	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



Again, on close inspection:
(c) The S bit is ON if any single one or all three of the inputs is ON;
(d) The Cout bit is ON if two or more of the inputs is ON
Algebraically:
S = (A XOR B) XOR Cin
Cout = ((A XOR B) AND Cin) OR (A AND B))
If this last term worries you, look at the truth table.  Cout is ON whether Cin is ON or OFF if both A and B are ON.  If it doesn’t matter whether it is on or off, why include it in the equation (or the circuit)?
[image: Full Adder Circuit]
This is called a full adder.
Build one in the simulator and verify its operation as for the half adder.



As an excercise, put four full adders together to build a 4-bit adder as shown overleaf:

4-Bit Adder
[image: Multi-Bit Addition using Full Adder]
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