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Summary

Binary Addition

The rules for binary addition are
0 + 0 = 0 Sum = 0, carry = 0
0 + 1 = 0 Sum = 1, carry = 0
1 + 0 = 0 Sum = 1, carry = 0
1 + 1 = 10 Sum = 0, carry = 1
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Basic rules of binary addition are performed by a 
half adder, which has two binary inputs (A and B) 
and two binary outputs (Carry out and Sum). 

Summary

Half-Adder

The inputs and outputs can be summarized on a 
truth table.
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The logic symbol and equivalent circuit are:
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Binary Addition

When an input carry = 1 due to a previous result, the rules 
are

1 + 0 + 0 = 01 Sum = 1, carry = 0
1 + 0 + 1 = 10 Sum = 0, carry = 1
1 + 1 + 0 = 10 Sum = 0, carry = 1
1 + 1 + 1 = 10 Sum = 1, carry = 1
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Full-Adder

By contrast, a full adder has three binary 
inputs (A, B, and Carry in) and two binary 
outputs (Carry out and Sum). The truth table 
summarizes the operation.
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A full-adder can be constructed from two 
half adders as shown:
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Symbol
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Full-Adder
A

B

S

Cout

S A

B

S

Cout

S

For the given inputs, determine 
the intermediate and final outputs 
of the full adder.

1

1

0

1

0

The first half-adder has inputs of 1 and 0; 
therefore the Sum =1 and the Carry out = 0.

The second half-adder has inputs of 1 and 1; therefore the 
Sum = 0 and the Carry out = 1.

The OR gate has inputs of 1 and 0, therefore the final carry 
out = 1.
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Full-Adder

OutputsInputs
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Notice that the result from the previous example can be 
read directly on the truth table for a full adder.
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Binary Addition

Add the binary numbers 00111 and 10101 and show 
the equivalent decimal addition.

00111       7
10101     21
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Parallel Adders

Full adders are combined into parallel adders that can add binary 
numbers with multiple bits. A 4-bit adder is shown.
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SCout
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SCout
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SCout
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A1 B1A2 B2A3 B3

The output carry (C4) is not ready until it propagates through all of the 
full adders. This is called ripple carry, delaying the addition process.
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Parallel Adders

The logic symbol for a 4-bit parallel adder is shown. This 4-bit adder 
includes a carry in (labeled (C0) and a Carry out (labeled C4).

The 74LS283 is an example. It features look-ahead carry, which adds 
logic to minimize the output carry delay. For the 74LS283, the 
maximum delay to the output carry is 17 ns. 

Binary 
number A

Binary 
number B

Input 
carry

4-bit 
sum

Output 
carry

1
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3
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3
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Parallel Adders

Note: all inputs are used to 
Determine each output.

This is different than a ripple
adder that waits for the output
from the previous adder to
determine the final output for 
The column.
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Binary Subtraction

The rules for binary subtraction are
0  0 = 0 
1  1 = 0 
1  0 = 1 

10  1 = 1  with a borrow of 1

Subtract the binary number 00111 from 10101 and 
show the equivalent decimal subtraction.

00111       7
10101     21
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1’s Complement

The 1’s complement of a binary number is just the inverse 
of the digits. To form the 1’s complement, change all 0’s to 
1’s and all 1’s to 0’s. 
For example, the 1’s complement of 11001010 is

00110101

In digital circuits, the 1’s complement is formed by using 
inverters:

1       1       0       0       1       0       1       0

0       0       1       1       0       1       0       1
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2’s Complement

The 2’s complement of a binary number is found by 
adding 1 to the LSB of the 1’s complement. 

Recall that the 1’s complement of 11001010 is
00110101 (1’s complement)

To form the 2’s complement, add 1: +1
00110110 (2’s complement)

Adder

Input bits

Output bits (sum)

Carry
in (add 1)

1       1       0       0       1       0       1       0

0       0       1       1       0       1       0       1

1

0       0       1       1       0       1       1       0
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Signed Binary Numbers

There are several ways to represent signed binary numbers. 
In all cases, the MSB in a signed number is the sign bit, that 
tells you if the number is positive or negative. 

Computers use a modified 2’s complement for 
signed numbers. Positive numbers are stored in true form 
(with a 0 for the sign bit) and negative numbers are stored 
in complement form (with a 1 for the sign bit). 

For example, the positive number 58 is written using 8-bits as 
00111010 (true form).

Sign bit Magnitude bits
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Signed Binary Numbers

Assuming that the sign bit = 128, show that 11000110 = 58 
as a 2’s complement signed number:

1   1   0   0   0   1   1   0
Column weights: 128 64 32 16  8   4   2   1. 

128 +64              +4 +2 = 58

Negative numbers are written as the 2’s complement of the 
corresponding positive number. 

58 = 11000110 (complement form) 

Sign bit Magnitude bits

An easy way to read a signed number that uses this notation is to 
assign the sign bit a column weight of 128 (for an 8-bit number). 
Then add the column weights for the 1’s. 

The negative number 58 is written as:
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