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3.1  Introduction of minimization 

• Boolean algebra is a tool for simplifying / 
minimizing logic circuits 

 Example: f = x’yz + x’yz’ + xz 

 can be simplified as 

     f = x’y + xz  

Result: 

 Reduced f from sum of 3 products to sum of 2 
product terms.  
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Logic circuit with minimization 
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Advantages of minimization  

• Obtain a simple (or simplest) logic circuit 

• Reduce the cost of circuit 

 Cost in logic circuit 

- Gate cost (number of gates in the 
implementation) 

 - Gate-input cost (number of inputs to the gates) 

 - Total cost = Gate cost + Gate-input cost 

5 



Gate-input cost 

• The number of gate-input is proportional to 
the number of transistors in the logic circuit 

• The cost can be determined by checking logic 
diagram / schematic and the Boolean function  
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F1 = abcd + a’b’c’d’ 
F2 = (a’+ b)(b’ + c)(c’ + d)(d’ + a) 

F1  has 3 no. of gate and 10 no. of gate-input 
 Total cost = 13  
F2  has 5 no. of gate and 12 no. of gate-input 
 Total cost = 17 



Cost Reduction 
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The key of simplifying logic functions is to 
reduce the no. of terms and no. of literals 
 

 no. of literals =  no. of gate inputs 
  no. of terms =  no. of gates 
 
In addition, costs in space and power 
consumption can be reduced.  
 



3.2  Minimization using Boolean algebra 
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Simplification  
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How to obtain f4 ? 
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Simplification  

Properties of 
Boolean algebra: 
 
Absorption 
Redundancy  
DeMorgan 
Consensus 
etc… 

SoP PoS 



3.3 Karnaugh Map 

• In 1953, Maurice Karnaugh introduced a map 
method known as Karnaugh map (K-map) 
– A straightforward procedure for minimizing    

Boolean functions in a table form 

– Graphical presentation of a truth table 

– Minterm is used in the cell of the K-map 

– It is n-variable function (defined by 2n): 
• Two-variable K-map has 4 cells 

• Three-variable K-map has 8 cells 

• Four-variable K-map has 16 cells 
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Two-variable K-map 

12 



Plotting functions in K-map 
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Canonical form (contains Minterm) 

Function must be formed by Minterm 



Three-variable K-map 
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Minterm representations 
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Gray code in K-map 
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e.g. 00, 01, 10, 11  (two-variable) 



Simplification of Product Terms 
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More examples 
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Format of three-variable 
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Four-variable K-map 
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Examples of 4-variable K-map 
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Examples of 4-variable K-map 
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Summary for K-map method 
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3.4  Minimization using Karnaugh map 

• Group the adjacent cells (the number of cells 
must be a power of 2) 

• Rules 
– (1) To find the fewest group that covers all cells with   

marked of 1s 

– (2) The groups should be as large as possible 

  

• Goal 
–  Reduce the number of products (terms) to minimum 

–  Save the cost 
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Grouping of K-map 
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Terminology: Implicant 
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