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Lecture Six

Functions of Combinational Logic (Adder, Comparator)

Half and Full Adders

Adders are important in computers and also in other types of digital systems in which
numerical data are processed. An understanding of the basic adder operation is
fundamental to the study of digital systems. In this section, the half-adder and the

full-adder are introduced.

The Half-Adder

0+0= 0 oL

0+1= 1 — A x Sum

1+0= 1 Input bits Outputs
1+1=10 S B C,u —— Carry

Half-adder truth table.
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Example: Determine the sum (3°) and the output carry (Coy) of a half-adder for each

set of input bits:

@0+1  (b)1+0  (c) 1+1

Solution

g% L1
A B | Cou | 7| Decimal number | J—‘*p
0 1 0 1] 1 -
1.0 0 1 1 | .
111 0 2 |

The Full-Adder

The full adder accepts two input bits and an input carry and generates a sum output

and an output carry.

Full-adder truth table.

Cin S

Inputs A —— FA Outputs B Cin Cout z
B—— Co 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

A "_:)D A®B R 1 0
B ! 1 1 0 | 0
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Example: For each of the three full adders in the Figure below, determine the

outputs for the inputs shown.

z z z
I —A | — A I —A
I — I— I—
0—B | — B 0—B
CDI.I[ lTi:rl.ll CD!.I[
0o—c, 0 —c, | — G,

(a) (b) (c)

Solution
a- The input bitsare A=1,B =0, and Cin=0.
1+ 0+ 0=1with no carry
Therefore, Y’ =1 and Cqy = 0.
b- The input bitsare A=1,B =1, and Cin = 0.
1+1+0=0withacarryofl
Therefore, > =0 and Coy = 1.
c- The input bitsare A=1,B =0, and Cin =1.
1+0+1=0withacarryofl

Therefore, > =0 and Cout = 1.
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Parallel Binary Adders

Half-adder Half-adder
2 ))
A& R Sum
| X =
A A A ABB) S C,
BE——B Cuul | B Cnul
Input (A ® B)C,

carry, Gy,

AB

Output carry, C,,
4B + (A ® B)C,

Example: Determine the sum generated by the 3-bit parallel adder and show the

intermediate carriers when the binary numbers 101 and 011 are being added.

Solution
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4-bit parallel adder

Example Use the 4-bit parallel adder to find the sum and output carry for the addition

of the following two 4-bit numbers if the input carry (Co) is O:

AsAzAA; = 1100 and B4B3B,B; = 1100

A, B, A; B, A, B, A, B,
—C,
A B C, A B C, A B C, A B C,
(MSB) FA4 FA3 FA2 FALl (LSB)
Cout E Cout ) Cout z Cout x
C,— C, ‘ C, C,
Zy X, Z, Z,
Solution
Forn=1: A;=0,B; =0, and Cp = 0. From the 1st row,
> =0and C1=0
Forn=2:A,=0,B;=0, and C; = 0. From the 1st row of the table,
>=0and C, =0
Forn=3:A3=1,B3=1, and C, = 0. From the 4th row of the table,
>=0and C;=1
Forn=4:A,;=1,Bs=1, and Cs;= 1. From the last row of the table,
>=landCs=1

C4 becomes the output carry; the sum of 1100 and 1100 is 11000.
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2- Comparators
The basic function of a comparator is to compare the magnitudes of two binary
guantities to determine the relationship of those quantities. In its simplest form, a

comparator circuit determines whether two numbers are equal.

the exclusive-NOR gate can be used as a basic comparator because its output isa 0

If the two input bits are not equal and a 1 if the input bits are equal.

0
1

0 ) . | , .
0 :):DO— | The input bits are equal. 0 :IDO— 0 The input bits are not equal.

(0 The input bits are not equal. | The input bits are equal.

Example:

Compare the digital numbers to determine whether they are equal or not

a- 10and 10
b- 11 and 10

Solution

} | — equal } () = not equal




