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Abstract  

In this paper we propose a robust technique to 

minimize multiple input digital circuits. This technique 

is simple and efficient to determine the minimum 

number of gates required to realize a multiple input 

digital circuit. Rather than using sizeable truth table 

for multiple input combinational circuits having at 

least one operation per minterms, proposed technique 

produced a minimal solution by breaking the minterms 

and arranging them in adjacent groups. This 

technique also overcomes the problems related to 

simplification using Karnaugh Map for more than four 

inputs system. Also we have proposed an algorithm to 

implement this technique in Java programming 

language and out provide results. 
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I. INTRODUCTION 

Digital function minimization is a classical 

problem, for which various techniques have been 

proposed by researchers over the time based on the 

work by Shannon in 1938 [1]. Minimization using 

Chart Method was proposed by Veitch in 1952 [2] 

which was further carried on by Karnaugh in 1953 [3], 

popularly known as Karnaugh Map or K-map which 

can be used to minimize upto 6 variables efficiently.  

If the number of variables increases complexicity 

increases [4]. Quine-McCluskey Method is also an 

important method used for minimization in software 

implementation, proposed by Quinne in 1952 [5] and 

improved by McClauskey [6-7] by using don’t care [8] 

prime implicants [9].  

Implementation of Logic Switching circuit has two 

types: Two-level synthesis and multilevel synthesis 

[10]. Implementation of multilevel synthesis faces 

problems like propagation delay, errors and 

complexity in designing although it requires fewer 

gates and fewer connections compared to two level 

synthesis [11-16]. Two level synthesis is further 

classified into Exact techniques (eg: K-Map method, 

Quinne Mcclauskey method) and Heuristic techniques 

(Variable Entered Map [13], ESPRESSO-II [14], 

ESPRESSO-MV [15], etc.) and many more [16-27]. 

Exact techniques give minimum representation but 

computational complexity is more compared to 

Heuristic approaches. Heuristic approaches are usually 

preferred for software implementation. T.S. Rathore 

[25] proposed an effective method in the year 2014, 

which reduced the truth table size by half by reducing 

the truth table from N variables to N-1 to N-2 

variables and so on, but the number of steps involved 

increases along with the number of effective truth 

tables. 

Therefore we propose a concept based to the 

“Breakup Technique” to reduce the truth table by 

breaking it down into two and implementing this 

technique in software, thus providing an optimal 

solution with minimum gate counts. 

II. INTRODUCTION TO THE ALGORITHM 

In the proposed algorithm, the inputs are given in 

the form of a .txt file. These inputs are stored in the 

system which is defined location saved by the user. 

These are store in a two dimensional array and arrange 

the in an ascending order. The inputs can have only 

three characters ‘0’,’1’and ‘-‘. After arranging we 

check for difference in 1 bits among two input 

minterms, and if there exist such pairs we replace them 

with ‘-‘ character in both the minterms and we store 

them in another array and repeat the same three times 

to get the minimized terms. In the end we plot the 

prime implicant table using the input minterms and the 

minimized prime implicants. 

The algorithm has been described below 

elaborately. 

1. Declare three Two Dimensional Character 

Array, ‘charmap[][]’, charmap_copy[][] and 

charmap1[][] to store the input binary 

numbers. 

2. Define the path of the input file. 

3. Using the ‘buffer reader’ function read each 

element line by line and store them in the 
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Two Dimensional Character Array, 

charmap[][]. 

4. Check if the number of columns is same for 

each row, if not break there; else continue till 

the last term. 

5. Calculate the number of Input Product Terms, 

i.e. the number of rows and the number of 

Input Variable, i.e. the number of Columns. 

6. Copy the values of charmap[][] into 

charmap_copy[][]. 

7. Call the minimize(charmap[][]) function. 

I. First the elements of the charmap[][] array are 

sorted in ascending order and the the duplicate 

elements are removed using the sort(charmap) 

function where each row of the array are 

converted into a string and then compared and 

then again stored in the charmap array as char. 

II. Three variables r1,r2 and c are initialised 

which depict row1, row2 and column of the 

charmap array. 

III. Using for loop, value of a particular column of 

both the rows are compared to find a 

difference in 1 bit. 

IV. While comparing the elements of the two rows 

if there is a difference in bits, a flag, ‘flag0’ is 

incremented. 

V. After the elements of the whole row are 

checked, we check the value of ‘flag0’. If the 

value of ‘flag0’ is 1 we replace that particular 

bit by ‘-‘ and store the whole row in 

charmap1[][]. Else we store the value of the 

row in charmap1[][]. For Eg: if minterms 

‘0010’ and ‘0011’ are compared, we see both 

the values differ by a bit ‘1’ hence we store the 

value ‘001-‘ in charmap1[][]. 

 

Table1. Comparison between the two minterms row 

wise and their stored value 

 C1 C2 C3 C4 

Row1 0 0 1 0 

Row2 0 0 1 1 

     

Stored 

Value 
0 0 1 - 

VI. The charmap1[][] is sorted and 

duplicate elements are removed and 

the values are copied into 

charmap[][]. 

 

8. Display the charmap[][] array after 

minimising for the first time. 

9. Repeat steps 7 and 8 for two more times. We 

have seen with trial and error method that 

repeating these steps more than 3 times does 

give the same result, so we repeat only 3 

times.  

10. Finally the minimised terms are displayed. 

11. We also plot the Prime Implicant Table by 

declaring an array Table[][], where rows are 

the input minterms stored in array 

charmap_copy stored in ascending order and 

the columns are the  minimised terms stored 

in ascending order.  

12. For a particular element in the table array, 

table[i][j], we compare the (i-1)
th

 element of 

charmap_copy[][] and (j-1)
th

 element of 

charmap[][]. If both the values differ only by 

the element ‘-‘ then it is a prime implicant 

and we marked it by ‘X’ else we left it empty. 

III. RESULT ANALYSIS AND VERIFICATION 

Example 1: 

F (A, B, C, D, E, F, G, H)  

= ∑ m(24,25,28,29,105,152,233). 

Feed in the input through a text file where the 

minterms are stored in their respective binary form. 

Number of Input Product Terms: 7 

Number of Input Variable: 8 

 

The given input is: 

00011000 

00011001 

00011100 

00011101 

01101001 

10011000 

11101001 

 

Minterms after minimizing 1st time: 

-0011000 

-1101001 

00011-00 

00011-01 

0001100- 

0001110- 

 

Minterms after minimizing 2nd time: 

-0011000 

-1101001 

00011-0- 

Minimized Product Terms: 

-0011000 
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-1101001 

00011-0- 

 

Now on finding the expression from the 

minimized product terms, we get, 

F (A, B, C, D, E, F, G, H) =              + 

               +                

 

Example 2: 

F (A, B, C, D, E) = ∑ m(2, 3, 6, 7, 11, 12, 

13,18,19, 22, 23, 24, 28, 29). 

Number of Input Product Terms: 14 

Number of Input Variable: 5 

 

The given input is: 

00010 

00011 

00110 

00111 

01011 

01100 

01101 

10010 

10011 

10110 

10111 

11000 

11100 

11101 

 

Minterms after minimizing 1st time: 

-0010 

-0011 

-0110 

-0111 

-1100 

-1101 

0-011 

00-10 

00-11 

0001- 

0011- 

0110- 

10-10 

10-11 

1001- 

1011- 

11-00 

1110- 

 

 

 

 

 

 

 

Minterms after minimizing 2nd time: 

-0-10 

-0-11 

-001- 

-011- 

-110- 

0-011 

00-1- 

10-1- 

11-00 

 

Minimized Product Terms: 

-0-1- 

-110- 

0-011 

11-00 

No. of Minimized Product Terms: 4 

Now on finding the expression from the 

minimized product terms, we get, 

F (A, B, C, D, E,) =     +       +         

+ +       

IV.       CONCLUSION 

This is an organized method used in the 

simplification process of logic functions which 

requires very less time and avoids cumbersome 

manipulations and calculations compared to 

Karnaugh map method. From this paper we have 

seen that minimized functions can be obtained by 

combining minterms by sorting and forming sets. 

We have seen that this algorithm is very much 

effective in reducing complexity of multiple 

input/output digital circuits which is beyond the 

capacity of a Karnaugh map. This algorithm is 

very much helpful in designing the combinational 

circuits, which are the building blocks of 

sequential circuits; also it is used in designing 

PLA. 
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