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Abstract— N-Queen is a well-known NP-Hard problem.  

It’s a constraint satisfaction problem and problems in science 

and engineering can be solved using solutions of N-Queen 

problem. In N-Queen problem, N number of queens are to be 

placed on a chess board of size N*N such that no two queens 

can attack on each other. As the size of N increases, the 

complexity of the algorithm to solve N-Queen problem also 

increases. In this paper, Genetic Algorithm is applied to solve 

N-Queen problem. The GA is applied on many instances of N-

Queen problem. The performance of GA varies on size of 

population. The effect of population size on the performance 

of GA to solve N-Queen NP-Hard problem is analyzed. 

Keywords—NP-Complete; N-Queen; Genetic Algorithm; 

Population Size 

I.  INTRODUCTION 

N-Queen problem is a NP-Hard problem. In N-Queen 
problem, positions of N queens are to be find such that no 
queen can attack on any other queen. In the game of chess, a 
queen can attack on other queen horizontally, vertically and 
diagonally. Figure 1 is showing a solution of eight queen 
problem. Eight Queens are placed on 8*8 chess board such that 
none of the queen is attacking on other queen.  
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Figure 1 -  8-Queen Problem 

 

As the number of queens increases, the size of the chess board 

also increases and the complexity of the algorithm to solve 

this problem also increases. N-Queen problem can be solved 

using backtracking algorithm. The backtracking algorithm also 

take so much take time when the size of N is very large i.e. in 

hundreds or in thousands. Genetic algorithm is also solved 

using heuristic algorithm such as Ant Colony Optimization 

ACO, Genetic Algorithm GA etc. In this paper N-Queen 

problem is solved using GA.  

Genetic algorithm is an algorithm which is based on the 

Darwinian evolutionary theory - “survival of the fittest”. The 

concept of GA is taken from natural science. The specifies 

make their population, perform meeting and generate new 

children. This process is going on. The concept is applied on 

some computational problems to solve. Genetic Algorithm 

have its operations such as encoding, initial population 

generation, selection, cross over, and mutation. The selection, 

cross over and mutation are carried out repeatedly until a 

satisfactory solution is not found. GA never guarantees to 

produce the best possible solution but it generates many 

solutions with different fitness values. The fitness of a solution 

determines its quality. Algorithm -1 is showing the steps of 

GA.  

Algorithm-1 Genetic Algorithm  

1. Encode the problem in genetic form 

2. Generate Initial population 

3. Repeat steps 4 to 7 until terminating criteria is not 

reached  

4. Calculate fitness of the population 

5. Perform selection 

6. Perform cross over 

7. Perform mutation 

Terminating criteria is set to stop the iterations of the genetic 

algorithm. The terminating criteria may be number of 

iterations to perform or a required fitness value of the best 

solution etc. The performance of the genetic algorithm 

depends upon the size of the population. In this paper, the 

objective is to find and analyze the effect of population size on 

the performance of the genetic algorithm to solve N-Queen 

NP-Hard problem. The next section illustrates the survey of 

the recent work done by other authors in this field.  

II. LITERATURE SURVEY  

J. E. Aghazadeh Heris and M. A. Oskoei [1] proposed a 
modified genetic algorithm to solve N-Queen problem. A local 
search minimum conflict algorithm was used to improve the 
performance of genetic algorithm. The hybrid of minimum 
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conflict algorithm and genetic algorithm improved the 
performance of GA and GA converges fast to solve N-Queen 
problem.  A. M. Turky and M. S. Ahmad [2] used genetic 
algorithm to solve N-Queen NP-Hard problem. Genetic 
algorithm was found a better solution to solve N-Queen 
problem as compared to other techniques. Y. Wang, H. Lin and 
L. Yang [3] applied Particle Swarm Optimization PSO to solve 
N-Queen problem. The PSO algorithm was applied with swarm 
refinement and the hybrid of swarm refinement and PSO solves 
the N-Queen problem better than the other approaches. I. 
Martinjak and M. Golub [4] compares different heuristic 
approaches to solve N-Queen problem. Three heuristic 
techniques, simulated annealing, tabu search, and genetic 
algorithm was used to solve N-Queen problem. The 
performance of these three algorithm was compared. It was 
observed that for some cases one algorithm was found better 
while for some other cases the other algorithm was found 
better. But none of these algorithms was found best to solve N-
Queen problem. Many other authors [5-13] applied improved 
genetic algorithm to solve N-Queen or some other optimization 
problem using genetic algorithm. Vibhuti et al. [14] proposed a 
novel approach for distributed generator power optimization. 
N.M. Abroja et al. [15] uses genetic fuzzy system in 
hybridization. The fuzzy system is applied in GA parameters to 
perform cross over and mutation. It improves the results in 
hybridization. Gagandeep Kaur et al. [16] applied GA in hybrid 
code clone detection technique. By going through these recent 
approach it has been found that the performance of genetic 
algorithm matters a lot in solving different problems. The gap 
is found that there is need to improve the performance of 
genetic algorithm to solve NP-Hard problems. The 
performance of the genetic algorithm can also be improved by 
varying different genetic parameters such as population size, 
cross over rate and mutation rate. The next section illustrates 
how to found best values of GA parameters to solve N-Queen 
NP-hard problem.   

III. PROPOSED METHODOLOGY  

In this work, N-Queen problem is solved using genetic 
algorithm. Algorithm-1 is implemented to solve N-Queen 
problem. The value of the population size is selected and GA is 
applied with different set of these values.  

Population Size – The size of population plays an important 
role in the performance of the genetic algorithm. It determines 
the number of chromosomes in the population. If population 
size is taken very large then it takes lot of computational time 
to generate the population but the chances to get solution in 
early iterations are improved. If the population size is kept very 
low, then the solution may not be found in early iterations. In 
this work the population size is kept from 20 chromosomes to 
200 chromosomes in the steps of 20 and the performance of 
GA is evaluated.  

Genetic algorithm is implemented in JAV using JDk1.7 and 
NetBeans 8.0.2 IDE. The next section illustrated the results 
found.  

 

 

IV. RESULTS AND ANALYSIS  

The genetic algorithm is implemented and its performance 
in terms of time taken is evaluated. Different values of 
population size are used and results are obtained.  

Table-1 is illustrating the results found for solving 16-
Queen problem. Different values of population size ranges 
from 20 chromosomes to 200 chromosomes are used and time 
taken in performing 100 iterations of the genetic algorithm is 
calculated. Table-1 is showing solution of 16 queen. It is 
showing population size, execution time, average clashes in the 
population and clashes between the queens in the best 
chromosomes after executing 100 iterations of Algorithm-1. 
The rate of cross over is kept 40% and rate of mutation is kept 
3%. 

TABLE I.  ANALYSIS OF GA TO SOLVE 16-QUEEN PROBLEM BY 

VARYING POPULATION SIZE 

Sr No Queens Popula

tion 

Size 

Execution 

Time (ms) 

Avg 

Clashes 

Clashes in 

best 

chromoso

me 

0 16 20 53.44 10.4 10 

1 16 40 57.73 7.95 6 

2 16 60 67.72 5.93 4 

3 16 80 105.89 5.83 4 

4 16 100 139.5 5.88 4 

5 16 120 175.17 7.57 6 

6 16 140 217.18 5.81 4 

7 16 160 218.18 6.28 4 

8 16 180 258.45 5.7 4 

9 16 200 287.99 3.72 2 

 

It is analyzed from the results obtained in Table-1 that the 
genetic algorithm performs better and provide good results 
with less number of clashes between the queens on large 
population size (200 chromosomes). However, GA takes more 
time (287.99 ms) to complete 100 iterations of 16-Queen 
problem. For small population size (20 chromosomes), GA 
only take 10.4 ms to complete 100 iterations. But here the 
quality of solution is not good and there are 10 clashes between 
the queens in the best solution. Thus it is analyzed that the 
large population size helps in providing quality results but need 
more computational time.  

 

V. CONCLUSION AND FUTURE SCOPE  

In this paper genetic algorithm is used to solve N-Queen 
NP-Hard problem. The performance of genetic algorithm is 
evaluated on different values of population size. It is concluded 
that GA with large population size take more time to complete 
its iterations. But the quality of solution is good with larger 
population size to solve N-Queen NP-Hard problem. In future, 
the value of other genetic parameters such as cross over rate, 
mutation rate can also be analyzed to solve N-Queen NP-hard 
problem.  The analysis of GA parameters can also be done on 
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larger instances of N-Queen problem where number of queens 
are in hundreds or thousands.  
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