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Abstract 
This paper provides a review on solutions of various problems using genetic algorithm. The 

objective of this paper is to build the understanding of how GA can be applied on various problems 

in finding their solutions.  The discussion includes theoretical aspects of problems from various 

domains such as, Word Sense Disambiguation, Tuning the Parameters of Fuzzy Logic Controllers, 

Eight Queens Problem and Image Compression. Out of the extensive capability of GA in finding 

solutions from a vast search space, this paper outlines simple search and optimization problems 

from diverse domains.  Knowledge of Genetic algorithm is assumed but a short overview is given. 
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Notations:- 

Best fit : Fitness of best individual 

ch   : Array representation of chromosome 

Count  : Fitness counter 

Abs  : absolute value 

 

 

 

 

 

1. INTRODUCTION 

 The Genetic algorithm is based on the process of Darwin’s theory of evolution. GA’S are a 

stochastic global search method that imitates the process of natural biological evolution. Genetic 

algorithm operated on a population of potential solutions applying the principle of survival of the 

fittest to produce better & better approximations to a solution. At each generation a new set of 

approximations is created by the process of selection based on their level of fitness in the problem 

domain and reproducing them using operations framed from natural genetics. Thus this process 

leads to the evolution of populations of individuals; just as in natural adaptation. The GAs are 

emerging as powerful alternatives to the traditional optimization methods. As GAs are inherently 

adaptive [12], they can effectively converge to near optimal solutions in many applications, and 

therefore they have been used to solve a number of complex problems over the years. 
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1.1  GA OPERATORS 

The simplest form of GA involves three types of operators: 

1.1.1   Selection (Reproduction): This operator selects chromosomes in the population for 

reproduction. The fitter the chromosome, the more times it is likely to be selected to reproduce. 

This operator is an artificial version of the natural selection, a Darwinian survival of the fittest. One 

popular method is Roulette Wheel selection; however other selection methods are also possible [1, 

3]. 

 

1.1.2  Crossover (Recombination): For crossover, strings from the active pool (got after ‘selection’) 

could be mated randomly, but since the ‘select’ operator itself has selected strings from the old 

population probabilistically, so the mate selection may not be random now and the crossover 

operator can directly pick the first pair of chromosomes. But whether to perform crossover over the 

current pair or not, the decision rests on the probability of crossover, also called the crossover rate 

[2].    

 

1.1.3 Mutation: It is used to inject randomness and diversity to population. Without mutation, 

selection soon prunes all but the building blocks of the most fit specimens and the search will slow 

down and eventually stop at a local extreme. 

 

1.2  FLOW CHART OF TYPICAL GA 

 
Figure 1: Flow chart of a Simple GA 

 

2. TUNNING THE PARAMETERS OF FLC 

 The parameters of Fuzzy Logic Controllers are tuned using GA. The various steps involved in 

obtaining the optimal parameters of FLC are as follows:  

 

2.1  DESIGNING A FUZZY LOGIC CONTROLLER 
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 A FLC is designed with input and output membership functions corresponding to the number of 

linguistic variables chosen. For example  five variables NB, NS, Z, PS, PB representing Negative 

big, negative small, zero, positive small, positive big respectively. 

 

            NB        NS          Z         PS           PB        

 

 

 

 

Figure 2: Symmetric (Untuned) mfs. 

 

The design of the input and output membership function (mfs) of FLC is carried out by 

automatically tuning the parameters of the membership functions. Tuning is based upon 

maximization of a comprehensive fitness function depending upon the problem. 

 

2.2  OPTIMIZING FLC USING GA 

 GAs can be used to optimize fuzzy logic controllers as follows. First, a "population" of fuzzy 

membership functions is created. The fuzzy membership functions can be created randomly, or they 

can be created as random perturbations around some nominal functions. Each member of the 

population is represented as a real coded numbers & should have enough "genetic" information in 

its string. For instance, if a triangular membership functions are used, it is represented by three 

parameters for each membership function (Figure 3), one parameter for the center (P1) of the 

triangular mfs, & two for the width of the base (P1, P3).  

                                       P2 

                                        

    

      P1                P3                  

      Figure.3: Triangular mfs 

 

2.2.1 Length of Chromosome: 

 Say we have five membership functions (Figure2) for input and output. Therefore, two fuzzy 

inputs, and one fuzzy output would make a total of 45 parameters (3* [5+ 5 + 5]) which define the 

membership functions. Let's say that each parameter will be a real number mapped into the number 

P in the range [Pmin, Pmax] which is within the bounds of parameters of the mfs.  

2.2.2 Calculation of Fitness function: 

 Once we have a population of fuzzy membership functions (each member of the population 

represented by a bit string), the "fitness" of each member of the population is evaluated according to 

some predetermined method. 

2.2.3  Applying Genetic Operators  

 Once the fitness of each member of the population is evaluated, the weakest members are killed. 

The fittest members then reproduce according to crossover. Finally, there is a small but nonzero 

probability of mutation in the offspring. Each bit of the offspring has a small probability of being 

flipped. A cycle of fitness evaluation, reproduction, and mutation, is referred to as a "generation. 

The process is repeated till the solution with best fitness to the objective function criterion is finally 

received 

2.3  Result 

 The fuzzy membership functions were constrained to be symmetric triangular as shown in the 

Figure 2 and the fitness function was optimized with respect to 45 parameters as discussed above. 

The GA program returns to the FLC, the parameters of membership functions (mfs) after simulation 
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which is contained in the solution with best fitness.  Figure 4 shows the GA tuned membership 

functions. 

 

 

                 NB         NS          Z           PS           PB        

 

 

 

 

 

 

Figure 4: GA tuned mfs. 

 

 

3.  8-QUEENS PROBLEM 

 The problem tackled here is to place 8 queens on 8x8 chess board (Figure 5) so that none of them 

can attack any other in one move. It is followed by the following constraints:- 

 

i) Column Conflicts: - We can never place two queens in the same column. 

ii) Row Conflicts: - We can never place two queens in the same row. 

iii) Diagonal Conflicts: - We can never place two queens in the same diagonal. 

 

3.1  SOLUTION USING GA 

 Due to the large search space of the above problem, it is difficult to apply simple search 

algorithms; an attempt is made here to simplify the solution using genetic algorithm. 

 

3.1.1 Chromosome Representation 

 

 Here each candidate solution is an array of 8 integers. i
th

 element in the array represents the 

position of the queen in i
th

 row, e.g.  [0, 2, 4, 6, 1, 5, 3, 7] 

 

Figure 5 represents the arrangement of queens as per the above chromosome, i.e. 1
st
 queen is placed 

in column 0 of row 0, 2
nd

 queen is placed in column 2 of row 1 and so on. 

 

 

 

*        

  *      

    *    

      *  

 *       

     *   

   *     

       * 

 

Figure 5:  8x8 chess board representing 8 queens 

 

3.1.2 Fitness Evaluation: 
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 According to the above representation of chromosome row conflicts are satisfied automatically 

because each allele of chromosome represents the position of one queen only. So it can not 

represent 2 queens in a single row. 

 If we avoid repetition of same numbers in a chromosome while generating them during random 

population generation and creating new offspring during crossover we can keep column conflicts 

away. 

 Now we need to care about only diagonal conflicts. So the fitness function will calculate the 

number of queens hitting any other queen diagonally. A chromosome having count 0 is the solution 

to this problem.   

 

3.1.3  How to check diagonal conflicts? 

 

 Taking a clue from the paper [5], 2 queens will attack each other diagonally if: 

 

|ch[i]-ch[j]|=|i-j| where ch [i] is the position of queen placed in row I, e.g. ch[4]=1 and ch[6]=3. 

 

These two queens hit each other because |4-6|=|1-3|. 

 

3.1.4 Psuedocode to calculate the fitness of chromosome 

 

for(int i=0;i<8;i++) 

{ 

 for(int j=0;j<8;j++) 

{ 

 if(abs(ch[i]-ch[j])==abs(i-j)) 

{ 

Count++;  

} 

} 

} 

 

The lesser the value of Count, greater will be the fitness of chromosome. 

 

 

4.  WORD SENSE DISAMBIGUATION 

 In every natural language we can see a lot of words that have more than one meaning. A human 

being has the capability to fetch the correct meaning of the word without any difficulty. But this 

task is not easy for the computer. Word sense disambiguation is the area in which the researchers 

study how to make computers efficient in this job. It is the process [7] of resolving the correct sense 

of a polysemous word according to the given context. 

  

4.1  GA OPTIMIZED WSD 

 

 WSD can be seen as an Optimization problem [6] where we have to search for the most 

appropriate meaning of each polysemous word in a sentence. Genetic Algorithm can be very helpful 

in solving a WSD problem. An example of a Noun Disambiguator is presented here. 
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4.1.1 A Test Example 

 

 The following sentence is given to our Disambiguator:- 

I went to a shop to purchase one table, two chairs, and one bed. 

 

 

4.1.2 How it Works? 

 

1. Fetch All the Nouns from the sentence, i.e. we get 4 Nouns from the above sentence. 

{shop, table, chair, bed} 

2. Search all Noun senses in a Thesaurus corresponding to these Nouns. We can use Wordnet 

which is a freely available semantic lexicon for the English language. In Wordnet, each part 

of speech word (nouns/verbs/...) is organized into taxonomies where each node is a set of 

synonyms called synsets. Each synset represents a specific meaning. 

 

  

 

 

 

 

 

 

 

Figure 6: Wordnet Taxonomy 

 

3. Generate Random Population of Chromosomes. Each chromosome is an array of integers 

where each number i is the i
th

 sense (available in Thesaurus) of a noun.  

4. Apply GA on the population to find a chromosome that contains most appropriate sense for 

each Noun. 

 

4.1.3 Fitness Function:  

 

 Here Conceptual Similarity between the different Noun senses is calculated to evaluate the 

fitness of chromosomes.  

 

Wu-Palmer Similarity:- 

             
                   

                   
 

 

ncs ( s1,s2) is the most specific shared parent of synsets s1 and s2 in Wordnet Taxonomy. It 

is also called Nearest Common Subsumer, e.g. NCS of {car, auto..} and {truck..} is {automotive, 

motor vehicle}.  The fitness can be evaluated as 

 

Vehicle 

Wheeled Vehicle 

Automotive, Motor Bike, Bicycle 

Car, Auto,… Truck 
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Where, synset(ch[i]) is the sense of i
th

 Noun in chromosome ch, selected from Wordnet. 

 

 

 

5.  Image compression using GA 

 Image compression can be done with the help of genetic algorithm by using image clustering 

algorithm [11,13, 14] by using pixels of image. Firstly ordered representation of image is obtained 

and then clustering is done to get compressed image. Clustering works on the principle of searching 

for optimum solution, by considering a set of possible solutions.  

 

5.1 GENETIC ALGORITHM DESCRIPTION 

 

 The genetic algorithm used to obtain the ordered element representation is based on the 

algorithm introduced in [8]. 

 

5.1.1  Fitness Calculation 

 

 To minimize the disordering, a fitness function is used.  

Given an ordered element representation: 

X = [Xi] N ordered elements, where each element of the vector is another vector containing p bytes. 

The cost function is defined as follows: 

 

   i)               

   

   

 

 

Where                              
  

    

 

The problem is now to minimize F. 

 

5.1.2  Initial Population  

 

3 types of constructor are used by GA as follows 

 

   Constructor A- It randomly places the objects in   order list to get initial population. 

 

 Constructor B- It uses the concept of minimum distance  between two objects.  

 

 Constructor C- The difference between the  constructor  B and constructor C is the way they find 

 the nearest  object to the most recently added to the  list. This  constructor C searches only 

K objects in the  list where K  is constant. 

  

5.1.3 Parent selection operator:  
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 In order to minimize the function the objective function and fitness function f(x) must be 

mapped.  

 

 

 

Probability for selecting a particular string      is 

            

 

   

 

 Where n is size of population 

 

5.1.4 Crossover  and Mutation operator 

 

 Crossover of two parents takes place and new off springs are produced. Mutation operator tries 

to solve some inherent problems of the genetic algorithms as regards local minima. Here two 

objects are selected by this operator randomly and their positions are exchanged. 

 

6 CONCLUSION 

 The research objective of this paper was to present a basic approach to solve problems from 

diverse domains which imitates natural adaptation. A GA optimizer, which utilizes natural 

evolution strategies, offers a promising method for optimization of the parameters of fuzzy logic. 

The GA optimized word disambiguator affords more reliability in global optimization. Even with a 

large search space, 8 queens problem is  solved using GA. The genetic algorithms constitute a 

powerful tool that can succeed in constructing a clustering algorithm used for image compression. 
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