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ABSTRACT A2 to 1 Multiplexer (f=xo5 +x,5 )

Implementation of Boolean function through multiplexer can
be done by various multiplexers depending upon the select
lines. Implementation of Boolean functions can be done by
various methods, but in this particular paper stress is more on
multiplexers. Through Shannon expansion theorem,it is easy
for us to implement the Boolean functions in a simpler way.
Upto three variables, can be handled by multiplexers, and
above that we have taken aid of look out table, and how it
uses multiplexers in their operations.
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1. Multiplexer

A multiplexer circuit has a number of data inputs, one or more
select inputs and one output . It passes the signal value on one
of the data inputs to the output. Data input is selected by the
values of the select inputs .Select input S, chooses as the
output of the multiplexer either input X, or x;. Multiplexer’s
functionality can be described in the form of a truth table.

S— S f
xg 10 f 0 | xq
X1 — 1 1 Xq

1.1 Graphic symbol 1.2 truth table

Xy Xpd

— 0 | .

1.3 Sum of products circuit

and 4 to 1 multiplexer have four data inputs Xg,X1,X,, & xzand
two select inputs S1 and SO . The two bit number represented
by S1S0 select one of the data input as output of the
multiplexer.

S
0 Sl —‘
Xo 00 f
) R 01
X ———— 10
X3 11
1.4 Graphic symbol
S; S, f
0 0 Xo
0 1 X1
1 0 X2
1 1 X3

1.5 Truth table
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1.6 Sum of product circuit

A 4to 1 multiplexer
f =5,S,%, +5,5,% +S,S,X, + 5,5 X,

A multiplexer that has n data inputs, requires log,n select
inputs. Larger multiplexer can be constructed from small
multiplexers.
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1.7 Using 2 to 1 multiplexer to build a 4 to 1 multiplexer

2. Boolean function implementation of
multiplexer

n=2"

n — number of input variables

m- number of select inputs

————\ "\ :
Y e

2.1 I- Using 8x1 multiplexer for implementation

(AL, Az, Ag) = £ (35,6,7)

Iy 8x1
' I MUX

Ay A, Ay

2.1.1  8x1 multiplexer implementation
2.2 1ll- Using 4x1 Multiplexer for implementation
Connecting two variables with selection lines of multiplexer

and remaining single variable of the function is used for the
inputs of the multiplexer. If A'is a single variable the inputs

of multiplexer are chosen to be either Aor A or1to0
(a) f(All AZ! A3) =2 (3,5,6,7)

if MSB i.e. A; is used as single variable, and A,, Az as

select inputs.
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(b) f(A1, Az, Ag) = 2(3,5,6,7)

If LSB i.e. Az is used as single variable and A;, A, as select

Minterms | 4, A As f
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
2.2.1 Truth table
Iy A I I
Z oo 1 2 ©)
v 0 O O
0 Ay Ay 1
2.2.2 Multiplexer Implementation
1 —1>0— Iy
Al -irj_ 4x1
I, MuUX 1(3,5,6,7)
~ ]Ta
A, Aq

223 4x1 Multiplexer implementation

inputs
Minterm | A4, Al Aq f
0 0 0 0 0
1 0 0 1 0 =0 |1,
2 0 1 0 0
3 0 1 1 1 =43 | I
4 1 0 0 0
S 1 0 1 1 =45 | I,
6 1 1 0 1
7 1 1 1 1 =1 | I
2.2.4 Truth table
lo
1 —l>O—
Ag 7 Iy 4x1
- f
I5 MUX
-

Ay Aj
2.2.5 4x1 Multiplexer Implementation
Besides using such inputs, it is possible to connect more
complex circuit as inputs to a multiplexer allowing function to

be synthesized using a combination of multiplexers & other
logic gates.
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A,
A;

3. Shannon’s Expansion theorem

Shannon’s expansion or the Shannon decomposition is a
method by which a Boolean function can be represented by
the sum of two sub function of the original. Shannon
expansion develops the idea that boolean function can be
reduced by means of the identity.

f=xf, +xf,

where f is any function and fx and f; are positive &

negative shannon cofactors of f respectively . A positive

shannon cofactor of function f with respect to variable x is

defend as that function with all instances of x replaced by 1 A
negative shannon co factor is the same, but replaces all
instances of x by 0.

Any Boolean function f (Ag, A,, As, ---An) can be

written in the form

f (A, Ay ---An) =A; .F(0, Ay, Ag—-An) + A, T (1, Ay, Ag--
An)

This expansion can be done in terms of any of the n variables.
as f (Al, Az, A3): % (3,5,6,7)

Function can be expressed as sum of products form

f= A1A2A3 + A]_ A2A3 + A]_ A2 Ag + AlAZ A3

It can be manipulated into

= A1(AoAs) + Ay(AA; +A; A + A, Ag)

= A1 (AAq) + A; (Agt+Ay)

4, |4, |43 Ay
f
0 0 0 0
0 0 1 0
0 1 0 0 0| A
0 1 1 1 Aj
1 0 0 0 Ay
1 0 1 1
1 1 0 1
1 1 1 1 1
A2+A3
3.1 Truth table
: 2x1
MUX  |——
—o—
A,

3.2 Truth table Circuit
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Three input majority function implemented using a
2to1l multiplexer

For three input XOR function

f= A1 @Ag @Ag

= A (ALAz) + Ai(A; A;)

Ay | 4r | Az
f
0 0 0 0
0 0 1 1
0 1 0 1 A:D4s
0 1 1 0
1 0 0 1
1 0 1 0
EiEta i ey
& 3
1 1 1 1
3.3 Truth table
| Ip 2«1 | Iz 2x1 ¢
11, MUX I; mux
A;
A;

3.4 Three input XOR implemented with
2 to 1 Multiplexer

In Shannon’s expansion the term f (0, A, ----An) is called the
co-factor of f with respect to A; , denoted as fE . Similarly
the term f (1, Ay ------------- An)

is called the co-factor of f with respect to Ay, written as f A

, hence

f=Af+AT,
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In general if the expansion is done with respect to variable
Ai , then an denotes

f(A———A)=Af, +Af,
Complexity of the logic expression may vary, depending on

which variable A| , is used.

Taking another example, to implement the function A,
f: A]_Ag + A1A2+ A1A3
a) Using 2 to 1 multiplexer, Shannon’s expansion using A;

gives
f=Af +Af,

=Al (Ag) + AL (A + A

AL
2x1 f
Iy
| 5
A,
3.5 Using 2 to 1 multiplexer
b) Using 4 to 1 multiplexer, further ..........c.ccueeev... using A,

gives _ B
= A1Ag Taim + AsAo T araat AcAg Fag a0t AA, Tag a2
=A1A7 (Ag)HA1A, (Ag)tA1A(A3)TAIAY(1)

Aj > Iy
] jl'l 4x1
I5 mux

f(AlJAEJAE )

A A

=

3.6 Using 4 to 1 multiplexer
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The most commonly used logic block is a lookout table
(LUT), which contains storage cells that are used to
implement a small logic function. Each cell is capable of
holding a single logic value either 0 or 1. LUTs of various
sizes may be created, where the size is defined by number of
inputs.

inputs .

0/1 2x

0/1 1 2x1
L

0/1
2X

0/1 1

3.7 Circuit for a two input LUT
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A,

0/1

2x1
0/1

| I
0/1
/ 2x1 2x1

0/1 2x1 f
0/1 li

2x1
0/1
0/1 2x1 2x1
0/1

As
3.8 Athreeinput LUT
Using shannon’s expansion any four variable function can be
realized with at most three 3- LUTSs (look up tables).
Considering the function
= AA5TAIAA+AAAFAAA,
Expansion in terms of A; produces
f=A; far +Asfa
= Ay (AAs+AgAT+AAA) AL (AoAs+AsAsA+ALA,)
= A (AoAg+AAz)+A (A Ag+AoAsAFALA,)
A circuit with there 3 LUTS that implements this expression
Ay -
0
A,
As
fa1 f
fa1

Ay

3.9 Using there 3 LUTs
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Decomposition of the function using A,, instead of Ay, gives
_f= AZng"'AZfAZ L
= Ap(AstArAg)+Ax(Ar1AsHAA,)
as fz, = fay, hence only two 3 LUTSs are needed .

A
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e fa
As

Aq

3.10 Using two 3 LUTSs.

4. CONCLUSION

In this paper we have seen that Boolean functions can be
implemented using different multiplexers, 2x1, 4x1 or 8x1 .
With the help of Shannon expansion theorem ,complicated
Boolean functions can be made easy ,in implementing through
multiplexers and LUTs (look up table ),again formed with
different combination of multiplexers. This study will be very
helpful for researchers and intellectuals to easy understanding
and practicing of implementation of Boolean functions
through multiplexers in the field of computer science and
technology.
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