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5 Variable Karnaugh Map

Bruno Korst - bkf@ece.utoronto.ca

Abstract
This supplement illustrates the configuration, interpretation and use of a 5 variable Karnaugh Map (K-Map).

The 4 Variable K-Map

Below is the general representation of a 4 Variable K-Map. The output of a system represented through this K-Map is a function
of 4 input variables: A, B, C and D. A Truth Table for the system must be used to populate this K-Map with Os and 1s. This
K-Map format presented on Figure 1 will be the basis for the 5 variable K-Map.

t T c
AB 00 01 11 10
B o —
[ }A
01
B
11 A
T [ 1

| SN IS ) S—
D D D
Figure 1. The 4 Variable K-Map

The 5 Variable K-Map

If the system to be mapped has 5 input variables, it follows that one can represent the 4 variable K-Map twice. For the case
below, one 4 variable K-Map is representing the outputs for B, C, D and E when variable A is 0 (A-bar), and the other K-Map
is representing the cases when the A is 1 (B, C, D and E are clearly also represented there).

>|

A

|

ol

(g}
= 2
| IS | S
w
= I}

Figure 2. On the left is the K-Map setup for outputs related to A; on the right, to A

Finding Each Variable

5 Variable Karnaugh Map — 2/4

Below it is shown how to identify the regions pertaining to some of the variables within the 5 variable K-Map. Finding all

regions is left as an exercise.

BC

BC

BC

DE
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01

DE

00

01

11
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01
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DE
00 01 11 10 BC 00 01 11 10
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Figure 3. Region where A = 1
A A
DE
00 01 1 10 BC 00 01 11 10
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- -
| 01
11
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Figure 4. Regions where C = 1
A A
DE
00 01 x 10 BC 00 01 11 10

01

Figure 5. Regions where E = 0



5 Variable Karnaugh Map — 3/4

Placing an Output on the 5 Variable K-Map

Knowing where all the regions are within the 5 variable K-Map, one can fill out the map based on a Truth Table (TT) with 32
possible outputs. Below, only one output is represented on the map. Assuming that f = 1 when A=0, B=1, C=1, D=0 and E=1,
we place the output on the map as shown.

=
(B)| A
DE DE
BC 0 CD 1 10 BC 0 01 1 10
00 00
01 01
® :
10 10

Figure 6. Output is | for ABCDE

Minimization Using the 5 Variable K-Map

Knowing all this, it is possible to visualize how to group the implicants on the 5 variable K-Map. One can imagine the 4 variable
K-Map for A hovering above, or overlapping with the 4 variable K-Map for A, and then group the implicants appropriately.
From this point on, the example follows an SOP implementation. Note that the designer should base a decision on minimizing
cost, so the choice of a POS versus an SOP implementation is up to the designer.

Consider the TT below. The exercise is to find a minimum cost implementation using a 5 Variable K-Map. The same
methodology to group implicants used for 4, 3 and 2 variable K-Maps applies here. With 5 variables, however, one has the
chance to identify groups of 8 implicants as well (as opposed to a maximum of 4), as it will be shown. Should the Truth Table
present "don’t cares”, it is up to the designer to use them as appropriate, in similar fashion to how they are used in for 4, 3 and 2
variable K-Maps.
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5 Variable Karnaugh Map — 4/4

The Truth Table presented above results in the following 5 variable K-Map. The groups of implicants are shown, highlighted
in different colours. There are: one group of 8 implicants (BD), two groups of 4 implicants (CDE and ABD) and one group
of two implicants (ACDE)

A A
DE DE
BC 00 o1 11 10 BC 00 01 11 10
B Y
00 ‘ 1 1 00
01 H 1 01
e 4
1 1
10 ‘J 10

Figure 7. f = BD+CDE +ABD + ACDE

Another way to visualize the interaction between the two halves of the 5 variable K-Map is to attempt to overlap them, as
suggested earlier. This is shown in the picture below. One can see how to form the one group of 8 implicants and one of the
groups of 4 implicants that span both halves “vertically”, with the map for A overlapping the map of A.

DE
BC 00 o1 1 10
00
01 1

1 1 1\

10

Figure 8. f = BD + CDE +ABD + ACDE

This document was prepared based on LV. Idoeta & F.G. Capuano, “Elementos de Eletronica Digital”, 40th Ed., Editora
Erica, 2008, pp.130-140
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