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Karnaugh Maps
The Karnaugh map is a graphical method of performing Boolean expression reduction and so is an important tool for digital system design.

Number of squares in the map depends on number of variables represented. As an example a Karnaugh map is shown below for  a three variable expression – A, B and C. This map has 23 squares (8). Therefore the relationship between the number of squares and the number of variables (n) is;

No of squares = 2 n
The map also illustrates the correct labelling for each row and column. It would have been equally correct to label the rows with the variables A and B, whilst the columns would represent the third variable C, however the representation depicted is the more conventional method and you are encouraged to follow this philosophy.
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Note that the labelling of the columns and rows must match the variable names. The values of each column and row are numbered as a binary count in ascending order, with one exception – only one digit must be allowed to change at a time. That is why the third column is labelled ‘11’ and the fourth ‘10’ – not as you might expect the other way around.
Additionally the logical expression for each square is shown together with the equivalent decimal value of the binary column count.

To further demonstrate the methology a four variable map is illustrated below. This results in a 16 square map i.e. 24, the variable names are assigned as A, B , C, D;
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Reduction works by placing in the relevant squares the value ‘1’, where this result is given in the truth table i.e. the output, is a one. Adjacent squares that contain a ‘1’ may be encircled in multiples of two and the variable that changes from ‘0’ to ‘1’  in the column / row labelling may be dropped from the expression. This is best illustrated by examples;
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Karnaugh map;
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Reduced equation   
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Note that we now have only three terms of two variables each. This is because the three encircled pairs of 1’s become the new equation. The row and column binary values for each encirclement are read from the associated binary values associated with the respective row and/or column – dropping any variable that changes from ‘0’ to ‘1’ as each column or row is ‘traversed’. This is illustrated by the first term 
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 where the ‘c’ is dropped as it changes from ‘0’ to ‘1’ from the first to second column respectively (shown in bold). Each encirclement has one term associated with it. In this example there are three encirclements giving a new equation with three terms.

2 Full equation  
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Karnaugh Map
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Reduced Equation   
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