
The Karnaugh Map 



Karnaugh Maps 

• Karnaugh maps (K-maps) are graphical representations of  
Boolean functions. 

• One map cell corresponds to a row in the truth table. 

• Also, one map cell corresponds to a minterm or a maxterm in  
the Boolean expression 

• Multiple-cell areas of the map correspond to standard terms. 

• A K-map provides a systematic method for simplifying Boolean  
expressions and, if properly used, will produce the simplest SOP  
or POS expression possible, known as the minimum expression. 



What is K-Map 

• It’s similar to truth table; instead of being organized  
(i/p and o/p) into columns and rows, the K-map is an  
array of cells in which each cell represents a binary  
value of the input variables. 

• The cells are arranged in a way so that simplification  
of a given expression is simply a matter of properly  
grouping the cells. 

• K-maps can be used for expressions with 2, 3, 4, and  
5 variables. 



Two-Variable Map 
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 ordering of variables is IMPORTANT for f(x1,x2), x1 is  
the row, x2 is the column. 

 Cell 0 represents x1’x2’; Cell 1 represents x1’x2; etc. If  
a minterm is present in the function, then a 1 is  
placed in the corresponding cell. 
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Two-Variable Map 

• Any two adjacent cells in the map differ by ONLY one variable,  
which appears complemented in one cell and  
uncomplemented in the other. 

• Example: 
m0 (=x1’x2’) is adjacent to m1 (=x1’x2) and m2 (=x1x2’) but NOT m3  

(=x1x2) 



2-Variable Map -- Example 

• f(x1,x2) = x1’x2’+ x1’x2 + x1x2’ 
= m0 + m1 + m2 

= x1’ + x2’ 
• 1s placed in K-map for specified minterms m0, 

m1, m2 

• Grouping of 1s allows simplification 
• What (simpler) function is represented by each  

dashed rectangle? 
– x1’ = m0 + m1 

– x2’ = m0 + m2 

• Here m0 covered twice 
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The 3 Variable K-Map 

• There are 8 cells as shown: 
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Example 3 var. k-map 

M_in_im_ iz_e t_he f_ollowing equation using k-map  
y=ABC+ABC+ABC+ABC 

_ _ _ _ _ 
ABC = 000 = 0 

_ 
ABC = 101 = 5 

ABC = 010 = 2 

ABC = 111 = 7 

Using this fill the k-map 
 

•Grouping – here 2 groups of 2 1’s  
Is possible 



For upper group A and C are  
constants and B is varying.  
Neglect B.A and C both are 0. _ _  
Hence output of this group is AC 

•For upper group A and C are  
constants and B is varying.  
Neglect B.A and C both are 0.  
Hence output of this group is AC 

 Thus output Y is given by , 
_ _ 

Y=AC+AC 
=A⃝. B 
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The 4-Variable K-Map 
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Cell Adjacency 



•  Solve the given  
k-map 

• Step I -grouping 

• Step II -output of 
each group 

• Step III -final output 

 Here answer is , 

_ _ _  
Y=CD+BC+BD 



K-Map SOP Minimization 

• The K-Map is used for simplifying Boolean expressions to their  
minimal form. 

• A minimized SOP expression contains the fewest possible  
terms with fewest possible variables per term. 

• Generally, a minimum SOP expression can be implemented  
with fewer logic gates than a standard expression. 



Grouping 

Rules of grouping - 

1’s & 0’s can  
not be grouped 

diagonal 1’s can  
not be grouped 



Elements in a group should be 2n 



Minimum  
Groups  

should be  
formed 

For above  
rule group  
Overlapping  
is applicable 





Mapping a Standard SOP Expression 

• For an SOP expression in  
standard form: 
– A 1 is placed on the K-map for each  

product term in the expression. 

– Each 1 is placed in a cell  
corresponding to the value of a  
product term. 

– Example: for the product term ,  
a 1 goes in the 101 cell on a 3- 

C 
0 1 

AB 

00 

01 

11 

10 

ABC ABC 

ABC ABC 

ABC ABC 

ABC ABC 

variable map. ABC 



C 

AB 

00 

01 

11 

10 

Mapping a Standard SOP Expression 

The expression: 

ABC  ABC   ABC  ABC 
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ABCD  ABC D  ABC D  ABCD ABC D  ABC D  ABCD 

ABC  ABC  ABC 

Practice:        
ABC  ABC  ABC  ABC 



Three-Variable K-
Maps 

f   (0,4)  B C f   (4,5)  A B f   (0,1,4,5) B f   (0,1,2,3) A 
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f   (0,4)  A C f   (4,6)  A C f   (0,2)  A C f   (0,2,4,6) C 

0 

1 

BC 

A 00 01 11 10 

0 1 1 0 

0 0 0 0 

0 

1 

BC 

A 00 01 11 10 

0 0 0 0 

1 0 0 1 

0 

1 

BC 

A 00 01 11 10 

1 0 0 1 

1 0 0 1 

0 

1 

BC 

A 00 01 11 10 

1 0 0 1 

0 0 0 0 



Four-Variable K-Maps 

f   (0,8)  B  C  D 
f   (5,13)  B C  D f   (13,15) A  B D f   (4,6)  A  B D 

f   (2,3,6,7) A  C f   (4,6,12,14)  B D f   (2,3,10,11)  B  C f   (0,2,8,10) B  D 
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Four-Variable K-Maps 
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f    (4, 5, 6, 7)  A  B f   (3, 7,11,15)  C D 
f    (0, 3, 5, 6, 9,10,12,15) 

f   A  B  C  D 

f   (1, 2, 4, 7,8,11,13,14) 

f   A  B  C  D 

f   (1, 3,5, 7, 9,11,13,15) 
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Determining the Minimum SOP Expression from the Map 
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Simplification of SOP Expressions 
 

Generalized procedure to simplify B.E: 

1. Plot the K- map and place 1s in those cells corresponding to 
the 1s in the truth table or sum pf product expression. Place 
0s in other cells 

2. Check the K-map for adjacent 1s and encircle those 1s which 
are not adjacent to any other 1s. These are called isolated 1s 

3. Check for those 1s which are adjacent to only one other 1 and 
encircle such pairs 

4. Check for quads and octets of ajacent 1s even if it contains 
some 1s that have already been encircled. While doing this make 
sure    
      that there are minimum number of groups. 

5. Combine any pairs necessary to include any 1s that have not 
yet been grouped. 

6. Form the simplified expression by summing product terms of 
all the groups. 












