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Karnaugh map Minimization " &
NSNS

we have simplified the Boolean functions using Boolean postulates and theorems. It is a time
consuming process and we have to re-write the simplified expressions after each step.

To overcome this difficulty, Karnaugh introduced a method for simplification of Boolean
functions in an easy way. This method is known as Karnaugh map method or K-map method. It
is a graphical method, which consists of 2" cells for ‘n” variables. The adjacent cells are differed
only in single bit position.

K-Maps for 2 to 5 Variables

K-Map method is most suitable for minimizing Boolean functions of 2 variables to 5 variables.
Now, let us discuss about the K-Maps for 2 to 5 variables one by one.

2 Variable K-Map
The number of cells in 2 variable K-map is four, since the number of variables is two. The
following figure shows 2 variable K-Map.

Z
Y 0 1
YZ
0 | mg| my 00 01 11 10
1 my| ms3 or Mg | My | M3 My
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3 Variable K-Map
The number of cells in 3 variable K-map is eight, since the number of
variables is three. The following figure shows 3 variable K-Map.

NSO TEE,

XYZ 00 01 11 10

0 | Mg | Myl M3z My

i Mg| Mg Myz| Mg

*There is only one possibility of grouping 8 adjacent min terms.

*The possible combinations of grouping 4 adjacent min terms are {(m,, m;, m;, m,), (m,, mg,
m7l m6)l (mOI m]_l m4l m5)l (mll m3l m51 m7)l (m3l mz; m7l m6) and (mZI mo; m6[ m4)}

*The possible combinations of grouping 2 adjacent min terms are {(m,, m,), (m;, m;), (m,,
m,), (m,, mg), (M, mg), (Mg, m,), (m,, mg), (Mg, my), (Mg, m,), (my, mg), (M3, m;) and (m,,
me)}.

*If x=0, then 3 variable K-map becomes 2 variable K-map.

05-10-2023 Karnaugh map Minimization / 19EC306/ Digital circuits/Mr.S.HARIBABU/ECE/SNSCE 3



4 Variable K-Map <
The number of cells in 4 variable K-map is sixteen, since the number of variables is four. IO
The following figure shows 4 variable K-Map.

YZ
wx N\_ 00 01 11 10

00| Mg | My} M3 M3

01| mg| Ms| My Mg

11 | Mz My3|Mys{Mqg

10 | Mg | Mg |Mqq| Myp

5 Variable K-Map
The number of cells in 5 variable K-map is thirty-two, since the number of variables is 5. The
following figure shows 5 variable K-Map.

V=0 V=1
WX = 00 01 11 10 WX = 00 01 11 10
00 | Mg | My | M3f My 00 [M1g|My17|M1gl M1g
01| mg| Ms| Myl Mg 01 |Myg| M3y Mooy Moy
11 |Myp|My3|Mys|Mig 11 |Mpg|Mag|M3y|M3g
10 | mg | Mg |My3} Mg 10 |M2gq|M2a5|Ma7| Mg
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Minimization of Boolean Functions using K-Maps NS TTE,

Example

Let us simplify the following Boolean function, fW,X,Y,Z

=WX’Y’ + WY + W’YZ’ using K-map.

The given Boolean function is in sum of products form. It is having 4 variables W, X,Y & Z. So, we
require 4 variable K-map. The 4 variable K-map with ones corresponding to the given product terms

Is shown in the following figure.
YZ
wx N\_ 00 01 11 10

00 1
01 1
11 111

10| 1 1 111

There are no possibilities of grouping either 16 adjacent ones or 8 adjacent ones. There are three
possibilities of grouping 4 adjacent ones. After these three groupings, there is no single one left as
ungrouped. So, we no need to check for grouping of 2 adjacent ones. The 4 variable K-map with these
three groupings is shown in the following figure.
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00 01 11 10 -y ' &
WX ST EE,
00 b B Y7’
01 1

Here, we got three prime implicants WX’, WY & YZ’. All these prime implicants are essential because
of following reasons.

*Two ones (mg & my) of fourth row grouping are not covered by any other groupings. Only fourth row
grouping covers those two ones.

*Single one (m,;) of square shape grouping is not covered by any other groupings. Only the square
shape grouping covers that one.

*Two ones (m, & m) of fourth column grouping are not covered by any other groupings. Only fourth
column grouping covers those two ones.

Therefore, the simplified Boolean function is
f=WX + WY +YZ
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Example

Let us simplify the following Boolean function, f(X,Y,Z2)=TTM(0,1,2,4)

using K-map.

The given Boolean function is in product of Max terms form. It is having 3 variables X, Y & Z. So, we
require 3 variable K-map. The given Max terms are M,, M, M, & M,. The 3 variable K-map with zeroes

corresponding to the given Max terms is shown in the following figure.

5 X+Y
X 00 01 11 10 X YZ 00 ‘01 11 10
0 ol o 0 -'--.
ololo 0 (@i .
1 |o ] =
Y+2Z

There are no possibilities of grouping either 8 adjacent zeroes or 4 adjacent zeroes. I here are three
possibilities of grouping 2 adjacent zeroes. After these three groupings, there is no single zero left as
ungrouped. The 3 variable K-map with these three groupings is shown in the following figure.

Here, we got three prime implicants X +Y, Y + Z & Z + X. All these prime implicants are essential
because one zero in each grouping is not covered by any other groupings except with their individual
groupings.

Therefore, the simplified Boolean function is

f=X+Y.Y+Z.Z+X
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Thank you......
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