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Chapter 2 – Minimization of Logic 
Functions
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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
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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 Reduce
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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. 



2.1  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…

MSP MPS



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

Function must be formed by Minterm)



Three-variable K-map

12



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

2022



21



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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2.3  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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Minimization using Karnaugh Map

• Previous examples only show the simplified 
Boolean functions in SOP form

• How to obtain functions in POS form
– [Step 1] Group the 0s to obtain the complement 

of the f in SOP form
– [Step2] Apply DeMorgan’s Theorem to find f’ in

POS form 
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2.4 Boolean functions with Don’t’-care cases
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The output of Boolean functions are incompletely specified 
functions,

• For some input conditions, the outputs are unspecified
• Input condition has no effects to the function
• Output values are defined as don’t-care
• Don’t-care term can be minterm / maxterms
• Don’t-care term indicates by an ×, d, φ or ϕ
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Don’t-care in K-map
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Procedure for K-map in don’t-care cases
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1. Must include all 1s in the map (but × is optional)
2. Select the EPIs first , then remaining Pis
3. Choose the largest PI terms that may contains don’t‘-care terms ×



Other solutions
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1. Must include all 1s in the map (but × is optional)
2. Select the EPIs first , then remaining PIs
3. Choose the largest PI terms that may contains don’t‘-care terms ×



2.5 Minimization using Quine-McCluskey 
(QM) Method

• Developed by W. V. Quine and E. J. McCluskey in 
1956

• Functionally identical to Karnaugh map
• More efficient in computer algorithms
• Ease to handle large number of variables

For number of variables is less then 4, we use K-
map; otherwise, QM method will be more efficient.
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Procedure of QM-method

• Partitioning
• Combining
• Identifying Prime Implicants (PI)
• Generating PI chart
• Reducing chart
• Reporting result
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QM-method
• Partitioning
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3 1s
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QM-method
• Combing

3 
1s

Compare the partitioned terms that follows Gary code property
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QM-method
• Combing

Further compare the new partitioned terms that follows Gary 
code property

3 
1s
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QM-method
• Identifying Prime Implicants (PI)

3 
1s
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QM-method
• Generating PI chart
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QM-method
• Reducing chart



53

QM-method
• Reducing chart



54

3 
1s

QM-method
• Reducing chart (covering rule)

Result!!!



55



56



57



58



59



Summary 
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