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Abstract 

The Karnaugh map technique is the most common technique for academic teaching 

and can be used by digital designers to minimize Boolean functions to simpler forms. 

Simplifying functions are necessary for reducing the number of used gates (digital 

components) in the digital circuits, which reflect the chip size, cost, power, and speed. 

The K-map technique was proposed by M. Karnaugh. Later, Quine and McCluskey 

reported tabular algorithmic techniques for Boolean function minimization. Then, many 

computer-aided modelling languages, such as object-oriented and design packages, were 

proposed. 

Minimization of digital switching functions is a classical problem, but certainly not a 

dead one. This paper provides a systematic and simple technique for the simplification of 

logical functions, which effectively reduces the time and unnecessary manipulation 

comparisons with individual Karnaugh-map minimization methods. The paper reveals 

that simplification can be accomplished based on the combination of minterms using only 

a truth table by following simple rules. 
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1. Introduction 

Digital logic gates are semiconductors/electronic all digital circuit. A digital gate 

performs functions based on number of inputs to produce one output with high or low 

voltage. Logically, logic gate can present any Boolean Function (B.F.), the output voltage 

values can be translated to ‘1s’ and ‘0s’. A B.F. is an algebraic expression composed from 

number of variables (having values ‘true’ or ‘1’ and ‘false’ or ‘0’) and number of logical 

operators (‘OR’, ‘AND’, and ‘NOT’). It is therefore important to find the simplest 

representation for the function to simplify the digital circuit. There is significant amount 

of literature available on digital design and digital circuit. Normally, a Boolean expression 

can be given using two forms: sum of products and product of sums [1] [2]. 

1. Sum of products (SOP)  

“This is the more common form of Boolean expressions. SOP Boolean 

expressions may be generated from truth tables quite easily by forming an ‘OR’ 

of the ‘ANDs’ of all input variables (standard products or minterms) for which 

the output is 1.” 
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2. Product of sums (POS)  

“POS expressions are based on the ‘0s’ in a truth table and generated 

oppositely as SOP by taking an ‘AND’ of the ‘ORs’ of all input variables 

(standard sums or maxterms). This is the less commonly used form of Boolean 

expressions.” 

The Object Oriented, Unified Modeling Language (UML) and other 

languages created as a result of unification of different object-oriented design 

methodologies[3] [4] and [5]. Originally, it was applied in software systems 

design and hardware systems as well. 

Different simplification methods have been introduced by many researchers 

for multiple input/output switching circuits, such as the work of Shannon in 1938 

[6], which simplified the representation and manipulation of B.F.s based on 

classical representation forms, such as truth tables, Karnaugh maps, SOP, POS, 

and canonical forms [1] [7]. Examples including a reduced SOP in [5] [8]. 

A combined method mapping by Sahadve and Chandan (2016) [9] to reduced 

minterms was derived from a truth table and manipulated in a recursive 

algorithm to reduce the logical circuit design and improve the plotting. 

Arunachalam and Rajupillai [10] proposed a novel technique of optimal 

simplification of B.F using K-map and object-oriented algorithm. The proposed 

technique is based on the inserting redundant terms in loops. 

Debajit et al. [11] proposed a new method focused on the order of the variable 

should be chosen according to the Shannon entropy measurement. Then a matrix 

is created, where columns represent the variables and rows represent disjoint 

cubes. 

A fast simplification method has been introduced by Hazem M. El-Bakry 

[12]. The idea depends on using the cross-correlation in the frequency, instead of 

the time domain, to define the groups on the visualization map. 

Das and Mondal [13] introduced the extended version of the K-map, which is 

based on cluster generation and selection algorithm. 

Boolean Algebra (B.A.) is the soul of digital design and computer science and 

digital circuits. Problems in digital design, testing and artificial intelligence (AI) 

can be presented as a sequence of B.F.s. Such applications will benefit from 

representing B.F.s through efficient algorithms manipulation. B.A. simplification 

is touted as one of the most important skills to IT and engineering students all 

over the world. This paper proposes a new simple technique that relies only on 

truth tables to provide a minimal solution based on the breaking of minterms and 

arranging them in adjacent groups without using the Karnaugh map. This method 

can save time and effort with respect to designer and academic teaching. 

 

2. Methodology 

Any Boolean function can be simplified as a SOP using a truth table first to define the 

min and max terms, and then to find the simplified functions by grouping the minterms 

using the Karnaugh map. Our proposed method relies only on the truth table to find the 

simplified function in SOP (from minterms with value one), thereby saving time and 

effort. 

In this method, the following rules must be considered carefully to get the right answer: 

1. A pair of minterms are to be considered as adjacent terms in the truth table; they 

must be different by only one variable, which is primed (logic 0) in one term and 

unprimed (logic 1) in the other [e.g. (001, 011)]. 

2. The number of terms that can be selected in one combination (group) must be of the 

power of 2 (20 = 1, 21 = 2, 22 = 4, etc.). 
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3. We must terminate forming the combinations when all ‘1s’ are covered.  

 

The proposed method can be applied in the truth table for two, three, and four-variable 

functions and more. 

 

Two-Variable Function 

A two-variable function will produce a truth table with four terms. If a group of two 

terms is formed, then the answer will be one variable, which is the common one. 

 

Ex. 1. Simplify the following B.F. in SOP form: F (x, y) = x' y' + x' y 

- Solution using the proposed method:   

 

X Y F 
0 0 1 

0 1 1 

1 0 0 

1 1 0 

 

F=X' 

- Proof using B.A.: F = x' y' + x' y = x' (y' + y) = x'. 1 = x' 

 

Ex. 2. Simplify the following B.F. in SOP form: F (x, y) = x' y' + x y' 

- Solution using the proposed method:   
 

X Y F 

0 0 1 

0 1 0 

1 0 1 

1 1 0 

 

F=Y' 

- Proof using B.A.: F = x' y' + x y' = y' (x' + x) = y'. 1 = y' 

 

Three-Variable Function 

This type of variable function will produce a table with eight terms. 

1. In case we have adjacent terms as a group of two, the answer will be the two 

common variables in the form of AND term (ex.1). If we have more than one group we 

take the AND terms with OR operation between them (ex.2).  

 

Ex. 1. Simplify the following B.F. in SOP form: F (x, y, z) = x' y z' + x' y z 

- Solution using the proposed method:   
   

X Y Z F 

0 0 0 0 

0 0 1 0 

0 1 0 1 

0 1 1 1 

1 0 0 0 

1 0 1 0 

1 1 0 0 

1 1 1 0 

 

F = X'.Y 
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- Proof using B.A.: F = x' y z' + x' y z = x' y (z' + z) =  x' y   

 

Ex. 2.  Simplify the following B.F. in SOP form: 

 F (x, y, z) = x' y' z' + x' y' z + x y' z + x y z 

- Solution using the proposed method:   

 
X Y Z F 

0 0 0 1 

0 0 1 1 

0 1 0 0 

0 1 1 0 

1 0 0 0 

1 0 1 1 

1 1 0 0 

1 1 1 1 

 

F = X'.Y'+ X.Z 

- Proof using B.A.: F = x' y' z' + x' y' z + x y' z + x y z  

                                 = x' y' (z' + z) + x z (y' + y) 

                                            = x' y' + x z 

 

2. If four adjacent terms- each term is adjacent with other two- are found in one group, 

the answer will be the one common variable between them. 

 

Ex. 3. Simplify the following B.F. in SOP form: 

 F (x, y, z) = x' y' z + x' y z + x y' z + x y z 

- Solution using the proposed method:   
 

X Y Z F 

0 0 0 0 

0 0 1 1 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 0 

1 1 1 1 

 

F = Z 

- Proof using B.A.: F = x' y' z + x' y z + x y' z + x y z 

                                = x' z (y' + y) + x z (y' + y) 

                                = x' z + x z = z (x' + x) = z  

 

3. Also, one term can be considered as a member in more than one group if needed for 

best simplification, as shown in the following example:  

 

Ex. 4. Simplify the following B.F. in SOP form: 

 F (x, y, z) = x' y' z + x' y z + x y z 

- Solution using the proposed method: 
 

X Y Z F 

0 0 0 0 

0 0 1 1 

0 1 0 0 
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0 1 1 1 

1 0 0 0 

1 0 1 0 

1 1 0 0 

1 1 1 1 

 

 The result of the first group (terms 1 & 3) is X'Z 

 The result of the second group (terms 3 & 7) is YZ 

Therefore, F = X'Z+YZ 

-  

- Proof using B.A.: F = x' y' z + x' y z + x y z 

                                = x' z (y' + y) + y z (x' + x) 

                                = x' z + y z  

 

Four-Variable Function 
In a four-variable function, a truth table of 16 terms can be listed, with the following 

possible formed groups: 

 

 Two adjacent terms, which lead to one AND term with three common variables; or 

 Four adjacent terms, which lead to one AND term with two common variables; or 

 Eight adjacent terms - each term is adjacent with other three-, which leads to term 

with one common variable. 
 

Ex. 1. Simplify the following B.F. in SOP form: 

 F (w, x, y, z) = w' x y z + w x y z 

- Solution using the proposed method:  

 

W X Y Z F 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 0 

0 1 0 0 0 

0 1 0 1 0 

0 1 1 0 0 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 1 0 

1 0 1 0 0 

1 0 1 1 0 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 0 

1 1 1 1 1 
 

       F = XYZ 

- Proof using B.A.: F = w' x y z + w x y z  

                                = x y z (w' + w) = x y z  
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Ex. 2. Simplify the following B.F. in SOP form: 

 F (w, x, y, z) = w' x' y z + w' x y z + w x' y z + w x y z 

- Solution using the proposed method:  

 

W X Y Z F 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 1 0 

0 1 1 0 0 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 1 0 

1 0 1 0 0 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 0 

1 1 1 1 1 
 

F = YZ 

- Proof using B.A.: F = w' x' y z + w' x y z + w x' y z + w x y z 

                                = w' y z (x' + x) + w y z (x' + x) 

                                = w' y z + w y z = y z (w' + w) = y z  

 

Ex. 3. Simplify the following B.F. in SOP form: 

 F (w, x, y, z) = w' x' y z' + w' x' y z + w' x y z' + w' x y z +  

                          + w x' y z' + w x' y z + w x y z' + w x y z 

- Solution using the proposed method:  
 

W X Y Z F 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 1 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 1 0 

0 1 1 0 1 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 1 0 

1 0 1 0 1 

1 0 1 1 1 

1 1 0 0 0 

1 1 0 1 0 

1 1 1 0 1 

1 1 1 1 1 
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F = Y 

- Proof using B.A.: F = w' x' y z' + w' x' y z + w' x y z' + w' x y z +  

                                              + w x' y z' + w x' y z + w x y z' + w x y z 

                 = w' x' y (z' + z) + w' x y (z' + z) + w x' y (z' + z) + w x y (z' + z) 

                 = w' x' y + w' x y + w x' y + w x y  

                 = w' y (x' + x) + w y (x' + x)  

                 = w' y + w y = y (w' + w) = y  

 

An Example of How to Solve Problems Using the Proposed Method 

Ex – Simplifying the following B.F. given in a truth table in the SOP form: 
 

W X Y Z F Group 

1 

Group 

2 

Group 

3 

0 0 0 0 1 m0  m0 

0 0 0 1 1 m1   

0 0 1 0 1   m2 

0 0 1 1 0    

0 1 0 0 1 m4   

0 1 0 1 1 m5 m5  

0 1 1 0 0    

0 1 1 1 1  m7  

1 0 0 0 1 m8   

1 0 0 1 1 m9   

1 0 1 0 0    

1 0 1 1 0    

1 1 0 0 1 m12   

1 1 0 1 1 m13 m13  

1 1 1 0 0    

1 1 1 1 1  m15  
 

So, if we have eight or more ‘1s’ in the truth table, we first search if there is a common 

variable in any group of the eight (group 1 = y'). Next, we find out if there are two 

common variables in any group of the four, not all minterms are included in the previous 

groups of eight (group 2 = XZ). Finally, we find out if there are three common variables 

in any group of the two, not all are included in the previous groups of eight or four (group 

3 = W'X'Z'). Therefore, this function can be simplified as follows: 

F = Y'+ XZ+W'X'Z'. 

 

3. Conclusion 

This paper proposes an efficient technique of multiple input digital circuit 

minimization. The proposed method is very simple and is a less laborious approach to 

determine the minimal gate count for multiple input digital switching circuits. This exact 

method of minimization provides a minimal solution based on adjacent groups in K-maps. 

This paper proposes a new technique for finding adjacent groups and SOP using only the 

truth table to reduce time, efforts, and complexity of the process. The technique can be 

useful for both students and designers.    
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