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ABSTRACT 

Genetic algorithms are stochastic search techniques that guide a population of solutions towards 

an optimum using the principles of evolution and natural genetics. This paper shows the way that 

genetic algorithms can be used to solve 4-Queen problem. The NQP is a classical artificial intelligence 

problem. The N-Queens problem can be defined as follows: place N queens on an N x N chessboard, 

each queen on a square, so that no queen could capture any of the others, that is, a configuration in 

which there exists at most one queen on a given row, column or diagonal. Experimentally results 

shows that the genetic algorithm have the ability to find optimal solution or find solutions nearby 

optimal solutions. And The Genetic Algorithm is well suited to has been extensively applied to solve 

complex design optimization problems because it can handle both discrete and continuous variables, 

and nonlinear objective and constrain functions without requiring gradient information. 
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 استخداو انخوارزمية انجينية نهحصول عهى افضم حم نمشكهة انتيجان

 
 نبىً سغهىل بشُز                                           وذي مهذٌ

 
 انجامعت انخكىىنىجُت
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انخىارسمُت انجُىُت حقىُت بحث عشىائُت انخٍ حخضمه مجمىعت مه انحهىل الَجاد انحم االمثم باسخخذاو قىاعذ -انمهخص

انجُىاث انطبُعُت.فٍ هذا انبحث وىضح طزَقت انخىارسمُت انجُىُت نحم مشكهت انخُجان.مشكهت انخُجان احذ مشاكم انذكاء 

،كم حاج فٍ مزبع،بحُث ال َخجاور اٌ حاج مع  4x4ت ابعادهامه انخجان عهً نىح عذداالصطىاعٍ حعزف كاالحٍ:َىضع 

وانخىارسمُت انجُىُت  اخز فٍ وفس انصف او انعمىد او قطزَا.انخجارب بُىج قابهُت انخىارسمُت انجُىُت الَجاد افضم حم.

 نحم مشاكم امثهُت معقذة. مالئمت

 

 

1.  INTRODUCTION 

 

In modern compilers and optimizers, the set of possible optimizations is usually very 

large. In general, for a given application and workload, optimization options do not accrue 

toward ultimate performance. To avoid selection complexity, users tend to use standard 

combination options, in general, however, these standard options are not the optimal set for a 

specific application executing its representative workload [1,2]. 

Modern compilers present a large number of optimization options covering the many 

alternatives to achieving high performance for different kinds of applications and workloads. 

Selecting the optimal set of optimization options for a given application and workload 

becomes a real issue since optimization options do not necessarily improve performance when 

combined with other options [2]. 

Genetic algorithms (GA) [3,4] present an attractive solution to this problem of selecting 

an optimal set of options. The problem is easily mapped to the original problem of gene 

optimization. The extended time required to reach to a preferred solution is justified by the 

much longer life of the optimized program [2]. 

In the computer science field of artificial intelligence, a genetic algorithm (GA) is a 

search heuristic that mimics the process of natural selection. This heuristic (also sometimes 

called a meta heuristic) is routinely used to generate useful solutions to optimization and 

search problems. Genetic algorithms belong to the larger class of evolutionary algorithms 

(EA), which generate solutions to optimization problems using techniques inspired by natural 

evolution, such as inheritance, mutation, selection, and crossover [5]. 

 

 

2.  GENETIC ALGORITHMS FOR OPTIMIZATION 

 

Optimization is a process that finds a best ,or optimal solutions for a problem. the 

optimization problems are catered around three factors: 

1. An objective function: which is to be minimize or maximize. 

2. A set of unknowns or variables: that effect the objective function. 

3. A set of constraints: that allow the unknowns to take on certain values. 

An optimization problem is defined as finding values of the variables that minimize or 

maximize the objective function while satisfying the constraints but exclude others [6]. 

The Genetic Algorithms are direct, stochastic method for optimization. Since they use 

populations with allowed solutions (individuals), they count in the group of parallel 

algorithms. Due to the stochastic was of searching, in most cases, it is necessary to set limits 

at least for the values of the optimized parameters [7]. 

http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Artificial_intelligence
http://en.wikipedia.org/wiki/Search_algorithm
http://en.wikipedia.org/wiki/Heuristic_(computer_science)
http://en.wikipedia.org/wiki/Natural_selection
http://en.wikipedia.org/wiki/Metaheuristic
http://en.wikipedia.org/wiki/Optimization_(mathematics)
http://en.wikipedia.org/wiki/Search_algorithm
http://en.wikipedia.org/wiki/Problem
http://en.wikipedia.org/wiki/Evolutionary_algorithm
http://en.wikipedia.org/wiki/Heredity
http://en.wikipedia.org/wiki/Mutation_(genetic_algorithm)
http://en.wikipedia.org/wiki/Selection_(genetic_algorithm)
http://en.wikipedia.org/wiki/Crossover_(genetic_algorithm)


World Scientific News 11 (2015) 138-150 

 

 

-140- 

A genetic algorithm developed by J.H. Holland, 1975 [8]. Genetic algorithms are 

stochastic search techniques that guide a population of solutions towards an optimum using 

the principles of evolution and natural genetics [1]. 

The aim of genetic algorithms is to use simple representations to encode complex 

structures and simple operations to improve these structures. Genetic algorithms therefore are 

characterized by their representation and operators [1].  

 

 

3.  BIOLOGICAL GENETIC ALGORITHM CONCEPT 

 

 Gene - a single encoding of part of the solution space, i.e. either single bits or short blocks 

of adjacent bits that encode an element of the candidate solution. Figure 1 shows gene 

representation. 

 

 
 

Figure 1. Gene representation. 

 

 

 Chromosome - a string of genes that represents a solution. Figure 2 shows chromosome 

representation. 

 

 
 

Figure 2. Chromosome representation. 

 

 

 Population - the number of chromosomes available to test. Figure 3 shows population 

representation [9] 

 

 
 

Figure 3. Population representation. 

 

 

 Reproduction or selection - From the population, the chromosomes are selected to be 

parents to crossover and produce offspring. select these chromosomes According to 

Charles Darwin's evolution theory "survival of the fittest" - the best ones should survive 

and create new offspring. 



World Scientific News 11 (2015) 138-150 

 

 

-141- 

The Fitness function quantifies the optimality of a solution (chromosome) so that a 

particular solution may be ranked against all the other solutions. The function depicts the 

closeness of a given 'solution' to the desired result [8,10]. 

 

 Rolette  wheel selection - the chance of an individual's being selected is proportional to its 

fitness, greater or less than its competitors' fitness. The Probability of selection of i 
th

 

individual is: 

 

    
  

∑   
 
   

 

 
where fi :fitness of i 

th
 individual, N : number of individuals. figure.4 illustrate Rolette 

wheel selection. [10] 

 

 
 

Figure 4. Rolette wheel selection.  

 

 

 Crossover - Selects genes from parent chromosomes, combines them and creates a new 

offspring. New chromosome may be better than both of the parents if it takes the best 

characteristics from each of them, Consider the two parents selected for crossover. Figure 

5 illustrate crossover operation [10]. 
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Interchange the parents chromosomes after crossover points. The offspring produced 

are: 

 

 
 

Figure 5. Crossover operation 

 

 

 Mutation- Mutation alters one or more gene values in a chromosome from its initial state. 

The mutation operator simply inverts the value of the chosen gene i.e. 0 goes to 1 and 1 

goes to 0. Consider the two original offspring’s selected for mutation figure.6 illustrate 

mutation operation [8,10]. 

 

 
 

The Mutated Offspring produced are: 

 

 
Figure 6. Mutation operation. 

 

 

4.  CODE OF GENETICS ALGORITHM 

 

 Choose the initial population of individuals 

 Evaluate the fitness of each individual in population 

 Repeat until termination condition satisfied: 

 Selection: Select the individuals with greater fitness for reproduction 

 Crossover: Breed new individuals through crossover 

 Mutation: Apply probabilistic mutation on new individuals 

 Form a new population with these offsprings. 

 Terminate 

 

 Figure 7. Shows the basic flow diagram of a genetic algorithm [8,10]. 
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Figure 7. Genetic algorithm diagram 

 

 

5.  THE QUEENS PROBLEM 

 

There are four queens as shown in Figure 8, we want to find a way to place them on a 

board divided into 16 grid units so that no two queens attach each others. In this work we  use 

Genetic Algorithms to determine the best location of four queens. 

 

 
 

  

   
 

 
   

  
 

 

 

Figure 8. The Queens Problem 

 

 

5. 1. Problem Representation (how to define a facility location) 

Since each queen must be on a different row and column, we can assume that queen i is 

placed in i-th column. Position of a number in the tuple represents queen's column position, 

while its value represents queen's row position (counting from the bottom) Using this 

representation, the solution space where two of the constraints (row and column conflicts) are 

already satisfied should be searched in order to eliminate the diagonal conflicts. Figure 9 

illustrates 4-tuples for the 4-queen problem [11,12]. 
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Figure 9. 4-tuples for the 4-queen problem. 

 

 

5. 2. Chromosome Structure  

The variables in the problem are the locations of four queens. Then, the chromosome 

structure are as shows in Figure 10. Note that the genes of a chromosome are the problem 

variables. 

 

 

 

 

4 genes (values from 1 to 4) 

Figure 10. Chromosome Structure. 

 

 

5. 3. Generate Population (50 to 100 is reasonable diversity & processing time)  

 

P1)) 

Q1 Q2 Q3 Q4 

3 1 4 2 

 

  Q3  

Q1    

   Q4 

 Q2   

 

(P2) 

Q1 Q2 Q3 Q4 

3 1 2 4 

 

 

 

 

 

 

 

   Q4 

Q1    

  Q3  

 Q2   

Q1 Q2 Q3 Q4 

3 1 2 4 

   Q4 

Q1    

  Q3  

 Q2   
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(33) 

Q1 Q2 Q3 Q4 

3 4 2 1 

 

 

 

 

 

 

 

Figure 11. Shows sample of population. 

 

 

5. 4. Evaluate the Population 

Objective function = Maximize site score = Maximum of Σ d 
 .
 W  

 

Score = dQ1Q2
 . WQ1Q2 + dQ1Q3 

.
 WQ1Q3+ dQ1Q4

 . WQ1Q4 + dQ2Q3 

.
 WQ2Q3+ dQ2Q4 

.
 WQ2Q4 

 

                                 + dQ3Q4 

.
 WQ3Q4                         (1)                                                                                                                                         

 

Let’s consider the closeness weights (W) as follows: 

WQiQj  = 10 (positive means Qi & Qj far from each other)  

WQiQj  =  -10 (negative means Qi & Qj close to each other)  

 

Let’s also consider the distance (d) between two queens as the number of  horizontal and 

vertical blocks between them.  

P1 Score = 3x10 + 3x10 + 4x10 + 4x10 + 3x10 + 3x10 = 200 

P2 Score = 3x10 + 3x10 + 4x10 + 2x-10 + 5x10 + 3x10 = 160 

P3 Score = 2x-10 + 3x10 + 5x10 + 3x10 + 5x10 + 2x-10 = 120   

 

5. 5. Calculate the Merits of Population Members  

Merit of P1 = (200 + 160 + 120) / 200 = 2.4 = 2  

Merit of P2 = (200 + 160 + 120) / 160 = 3  

Merit of P3 = (200 + 160 + 120) / 120 = 4                        

 

the sum of merits = 9  

the smaller score gives higher merit because we are interested in minimization. In case of 

maximization, we use the inverse of the merit calculation.  

 

 

 

 

 Q2   

Q1    

  Q3  

   Q4 
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5. 6. Calculate the Relative Merits of Population Members  

RM of P1 = merit * 100 / Sum of merits = 2 . 100 / 9 = 22.22  

RM of P2 = merit * 100 / Sum of merits = 3 . 100 / 9 = 33.33  

RM of P3 = merit * 100 / Sum of merits = 5 . 100 / 9 = 55.55  

 

5. 7. Randomly Select Operator (Crossover or Mutation)  

Crossover rate = 96% (marriage is the main avenue for evolution)  

Mutation rate = 4% (genius people are very rare)  

To select which operator to use in current cycle, we generate a random number  

(from 0 to 100). If the value is between 0 to 96, then crossover, otherwise, mutation  

 

5. 8. Use the Selected Operator (Assume Crossover)  

Randomly select two parents P1 and P2 according to their relative merits of Step 5. 6. Figure 

12 shows the two parents selected. 

 

(P1) 

3 1 4 2 

 

(23) 

3 1 2 4 

 

Figure 12. Two Parents Selected 

 

 

Let’s apply crossover to generate an offspring.Figure.13 shows the two offspring’s obtained. 

 

Offspring 1 

 

4 2 1 3 

 

Offspring 2 

 

2 4 1 3 

 

Offspring 1 

 

   Q4 

Q1    

  Q3  

 Q2   
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Offspring 2 

 

  Q3  

Q1    

   Q4 

 Q2   

 

Figure 13. Two Offspring Obtained 

 

 

5. 9. Evaluate the Offspring 

 Offspring1 Score = 3x10 + 3x10 + 4x10 + 2x-10 + 5x10 + 3x10 = 160 

     Offspring2 Score = 3x10 + 3x10 + 4x10 + 4x10 + 3x10 + 3x10 = 200 

 

5. 10. Compare the Offspring’s with the Population (Evolve the Population)  

Since the offspring 2 score = 200 is better than the worst population member (P3 has a 

score of 120), then the offspring 2 survives and P3 dies (will be replaced by the offspring 2). 

Figure 14 illustrates (P3) chromosome. 

  

2 4 1 3 

 

Figure 14. Illustrates P3 chromosome 

 

 

5. 11. Experimental Result 

Executing the simple genetic algorithm code (SGA) written in Pascal programming 

language, the primary data structure is the population of 40 string as shown in table.1and the 

following parameters: 

 

SGA Parameters 

Population size = 40 

Chromosome length = 4 

Maximum of generation = 10 

Crossover probability = 0.6 

Mutation probability = 0.03 

 

Table 1. Queen problem population. 

 

 Q1 Q2 Q3 Q4 

1.  1 1 1 1 
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2.  2 1 1 1 

3.  3 1 1 1 

4.  4 1 1 1 

5.  1 2 1 1 

6.  1 3 1 1 

7.  1 4 1 1 

8.  1 1 2 1 

9.  1 1 3 1 

10.  1 1 4 1 

11.  1 1 1 2 

12.  1 1 1 3 

13.  1 1 1 4 

14.  2 2 2 2 

15.  1 2 2 2 

16.  3 2 2 2 

17.  4 2 2 2 

18.  2 1 2 2 

19.  2 3 2 2 

20.  2 4 2 2 

21.  2 2 1 2 

22.  2 2 3 2 

23.  2 2 4 2 

24.  2 2 2 1 

25.  2 2 2 3 

26.  2 2 2 4 

27.  3 3 3 3 

28.  1 3 3 3 

29.  2 3 3 3 

30.  4 3 3 3 

31.  3 1 3 3 

32.  3 2 3 3 
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33.  3 4 3 3 

34.  3 3 1 3 

35.  3 3 2 3 

36.  3 3 4 3 

37.  3 3 3 1 

38.  3 3 3 2 

39.  3 3 3 4 

40.  4 4 4 4 

 

 

At the end of the run  repeating the process thousands of times until the best solution is 

determined. One of the top solutions shows in Figure.15. 

 

  Q3  

Q1    

   Q4 

 Q2   

 

Figure 15. The Optimal Solution For Queen Problem 

 

 

6.  CONCLUSIONS 

 

 This paper showed that Queen problem can be successfully solved using genetic algorithm 

for optimization function. 

 

 Experimentally results shows that the genetic algorithm have the ability to find optimal 

solution or find solutions nearby optimal solutions. 

 

 The GA does find near optimal results quickly after searching a small portion of the 

search space. 

 

 Results shows that the genetic algorithm have the ability to find optimal solution for 

solving queens problem. 

 

 The GA is well suited to and has been extensively applied to solve complex design 

optimization problems because it can handle both discrete and continuous variables, and 

nonlinear objective and constrain functions without requiring gradient information. 
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