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ABSTRACT: Minimization of Boolean functions is one of
basic Boolean algebra functions. This paper presents a method
for minimizing Boolean functions. To do this, first a graph
data structure that is needed for storing Boolean function and
basic operations will be investigated.In fact, it is used for
storing Karnaugh map adjacencies. Then, the adjacencies and
conditions for selection of appropriate adjacencies for
factoring are nominated. As a essential part of paper, a brief
review of genetic algorithms is presented and finally usage of
GA for selection of appropriate adjacencies is described.
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1. INTRODUCTION
Minimization of Boolean functions is one of the basic
operations in Boolean algebra [NKA11]. This is also a
practical step in two-level digital circuits design
[MMM06, TDM01], and it was been regarded to
decrease the price of manufactured circuits by removing
extra gates [HH07] by factoring operation. There are
some standard techniques used to compute a minimal
cost sum-of-products representation of a given Boolean
function [Cou94], such as: Karnaugh map method,
Quine–McCluskey procedure [B+84], formalizing
covering matrix reduction [CMF93], the signature cube
based procedure [B+93] and minimization of Boolean
functions using GDS [NH11].
In this paper, we are going to introduce a new genetic
algorithm based method for presenting the minimal show
of a Boolean function. For achieving this aim, storing and
specifying the adjacent statements of Boolean function
are the basic needs. Due to this, in the second section we
will get into the adjacency graph data structure that is
used for simulation of Karnough map. Also, finding the
adjacencies that a vertex is token part is investigated.
Third section will talk about finding appropriate
adjacencies for factoring. We will use the genetic
algorithm to do it. Fitness function for GA is calculated
so that achieve to least number of output Boolean
statements. Finally, fourth section is dedicated to
conclusion that includes the advantages and features of
this method.
2. SPECIFYING THE ADJACENCIES USING GDS
Maurice Karnaugh's 1953 refinement of Edward
Veitch's 1952 Veitch diagram is a method to simplify

Boolean algebra expressions. The Karnaugh map
reduces the need for extensive calculations by taking
advantage of humans' pattern-recognition capability,
also permitting the rapid identification and
elimination of potential race conditions.
In a Karnaugh map the Boolean variables are
transferred (generally from a truth table) and ordered
according to the principles of Gray code in which
only one variable changes in between adjacent
squares. Once the table is generated and the output
possibilities are transcribed, the data is arranged into
the largest possible groups containing 2n cells (n=0,
1, 2, 3, ...) and the minterm is generated through the
axiom laws of Boolean algebra [Kar53].
In this study, we will have a Karnaugh approach to
Boolean functions. So, first we need an appropriate
data structure for storing and operating the Karnaugh
map. Nosrati et al. introduce a Graph DS for this
purpose [NH11].
2.1 Adjacency Graph
A path in graph is a set of vertices we should cross to
get to a special vertex. If the initial and final vertices
are the same, this path is called cycle, and if all the
edges in a cycle are met just one time, it is called a
simple cycle [BM76, Lip09, Gol04].
We can consider a Boolean function in SOP form as a
set of Boolean statements. Each statement can be a
vertex of Graph and each edge can be the sign of
adjacent statements (as what there is in Karnaugh map).
So, each simple cycle indicates an adjacency for
factoring. Here, two agreements are made as follow:
Agreement1: Each vertex makes a simple cycle by
itself.
Agreement2: A couple of adjacent vertices make a
simple cycle. (Adjacent vertices are those which are
related by an edge.)
Proposed Graph data structure class code is listed in
follow. This class contains some objects to store V
and E, and also some methods to create and remove
vertices and edges [HSM06, Sed84, Lip86, Par71,
Gol04]. In addition, there is a method that returns the
list of all simple cycles which begins with Vi. Another
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method is defined to return the number of all adjacent
vertices of Vi, too [NH11].
Class Graph
{
//Objects
// Data containers to store Vertices and Edges
public:
Graph();
// To create an empty graph
bool IsEmpty();
// If graph has no vertices returns TRUE(1),
else
returns FALSE(0)
void AddVertex(Vertex V);
// Insert a new vertex
void AddEdge(Vertex U , Vertex V);
// Insert a new edge between u and v
void RemoveVertex (Vertex V);
// Deletes v and all edges incident to it
void RemoveEdge(Vertex U , Vertex V);
// Deletes edge (u,v)
list Cycles(Vertex Vi);
// Returns the list of all cycles that begins with Vi
int AdjacentVertices(Vertex Vi);
// Returns the number of adjacent vertices of Vi
}

2.2 Mapping the Boolean function to Graph DS
As it was mentioned, Karnaugh map is an illustrative
form of truth table. It puts the adjacent statements
near each other and provides the opportunity of
selecting appropriate adjacency. Figure 1 shows the
Karnaugh map for 4-variables Boolean functions. In
this map, different states of variables are showed by 0
and 1 [Nel95].
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Figure 1. Karnaugh map for 4variables Boolean functions

A Boolean function may include some of the cells or
whole of them. The cells that are included by
Boolean function are ON (1) cells and the rest are
OFF (0). So, in mapping the function to Graph, only
the ON cells must be considered.
For creating the set of edges (or adjacencies) it should
be regarded that adjacent vertices are those which are
different just in a bit. In other words, the XOR of two
adjacent cells equals 2r, r=0, 1, 2, ….

2.3 Adjacencies specification
As it is said, an adjacency is a set of vertices that can
be minimized together in Karnaugh map. There might
be some adjacencies in each Boolean function. A
condition for selecting an adjacency is as (*).
Minimization operation - which is remaining similar
bits and removing the others [Kar72] – can be done
only on adjacencies that are in accepted by (*).
Essential condition to choose an appropriate
adjacency is defined as:
(*)
The number of cells in an adjacency should be equal
to 2k, k=0,1,2,… and no similar bits equal to k .
In each Karnaugh map, a vertex might be included in
some different adjacencies. Appropriate selection of
adjacencies is very important. We will use GA for
selecting them. But, first, we need a list of all
adjacencies. As it is shown in Graph class, there is a
method that returns the list of simple cycles for each
vertex. If we execute this method for all vertices, and
collect the results, we will achieve the list of all
adjacencies. Also, repeated adjacencies must be
considered one time. Note that all the adjacencies
cannot take part in minimization process. Only the
adjacencies that are accepted by (*) must be
considered and the rest must be rejected. Acceptable
adjacencies can be stored in other objects and they
can be titled by numbers, alphabets, etc., like 1, 2, 3,
….
3. GENETIC ALGORITHM FOR SELECTING
APPROPRIATE ADJACENCIES
In this section, first we will get into the basic
principals of genetic algorithms such as the concepts
of population, generation, reproduction, crossover,
mutation, etc. Then, in the next part of current
section, we use GA for selection of appropriate
adjacencies to minimize the Boolean functions.
3.1 Principals of GA
Genetic Algorithms are a family of computational
models inspired by evolution. These algorithms
encode a potential solution to a specific problem on a
simple chromosome-like data structure and apply
recombination operators to these structures as to
preserve critical information. An implementation of
genetic algorithm begins with a population of
(typically random) chromosomes. One then evaluates
these structures and allocated reproductive
opportunities in such a way that these chromosomes
which represent a better solution to the target problem
are given more chances to 'reproduce' than those
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chromosomes which are poorer solutions. The
'goodness' (or fitness) of a solution is typically defined
with respect to the current population [Whi94].
The working principle of a canonical GA is
illustrated in Figure 2. The major steps involved are
the generation of a population of solutions, finding
the objective function and fitness function and the
application of genetic operators. These aspects are
described briefly below. They are described in detail
in the following subsection [Mat05].

/*Algorithm GA */
Formulate initial population
Randomly initialize population
Repeat
Evaluate objective function
Find fitness function
Apply genetic operators
Reproduction
Crossover
Mutation
Until (stopping criteria)

Figure 2. Working principle of a canonical GA from current population to new population

If we choose n chromosomes (strings), after
generation of new population we will have 2n
chromosomes, which include previous and new
reproduced chromosomes. Now, n chromosomes
must be selected and the others will be removed.
Selection of new population is based on fitness
function. Fitness function for each chromosome
shows its difference to goal chromosome. This
algorithm repeats these steps until it gets to a set of
repeated chromosomes in a sequence of generations.
3.2 Using GA for selecting appropriate adjacencies
Now, we have a set of adjacencies and we want to
choose the best of them for minimization. Initial
population can be formed easily. Due to it, we can for
example consider n chromosome, so that

n=2nw(variables). It means number of chromosomes can
be equal to 2 in power of number of variables in
Boolean function. Note that amount of n is just an
offer and it might be changed.
Most important point about chromosomes is the
number of genes in them. You know that in a
Karnaugh map, number of adjacencies that are
considered is dependent, and it might be from 20 to
2nw(variables). So, we will have a non-identical
population. For example for a Boolean function with 2
variables, we will have a population like Figure 3.
There is an important point in reproduction.
Reproduction cannot be done in crossover way.
Because of heterogeneous chromosomes, crossover
operation cannot operate them. So, just the mutation
can be done.
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Each adjacency may include some of statements and
refuse the others. For calculation of total minimized
form using supposed adjacency, we must consider
whole Boolean function except the statements that are
included in supposed adjacency. Instead of them, we
add the minimized form of adjacency statements. Fore
sure, one of the chromosomes in the last generation
contains the best adjacencies. So, after finishing
genetic algorithm process, we must calculate the
minimized form based on the chromosomes of last
generation. After reducing the repeated ones, the best
minimized form that is the shortest one will be
appeared.

As you know, each gene is the title of an adjacency,
and the statements in an adjacency can be minimized
together. For calculating the fitness function, we
should look at the genes of a chromosome. Fitness can
be equal to length of non-repeated Boolean statements
that remains after minimizing the genes of a
chromosome.

Fitness = ∑ MinimizedBooleanStatements
After repeating this algorithm over and over, we will
get to a repeated set of chromosomes in a sequence of
generations. Now, the result is 2nw(variables) best
adjacencies. In other words, the number of best found
adjacencies are 2nw(variables).

Finding the fitness
value and choosing
the best chromosomes

Mutatio
n

Initial
population

New population

Reproduction of new
chromosomes mixed
with old ones

Figure 3. GA with non-identical population

4. CONCLUSIONS
In this paper we got into the problem of minimization
of Boolean functions. So, we had a brief look at the
concept of adjacency in Karnaugh map and
introduced a Graph data structure for storing the
Boolean function adjacencies. Then, we extracted the
list of all adjacencies and gave it to a genetic
algorithm with non-identical chromosomes. The role
of GA was finding best adjacencies for minimization.
After finishing genetic algorithm, we had 2nw(variables)
set of adjacencies set. Then the best of them were
selected by calculation of minimized form using
them. Shortest minimized form showed the best of

them and the maximum minimized form of SOP
Boolean function.
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