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Abstract- Because of its nonlinearity and multimodality, global optimization is often too difficult to solve. This is why the 
traditional algorithm still limited to this challenge. In this paper, we present a new hybrid algorithm which is a combination 
of a Genetic algorithms (GA) and Firefly algorithm (FA). We focus in this research on a hybrid method combining two 
heuristic optimization techniques (GA) and Firefly algorithm (FA) for the global optimization. Denoted as GA-FA. This 
hybrid technique incorporates concepts from GA and FA and creates individuals in a new generation not only by crossover 
and mutation operations as found in GA but also by mechanisms of FA. In order to test the performance of the proposed 
approach a diverse set of selected benchmark functions are employed. The experimental results show better performance of 
the proposed algorithm compared to the original version of the firefly algorithm (FA) and Genetic algorithms (GA).  
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I. INTRODUCTION 
 
A metaheuristic is a higher-level procedure designed 
to find, generate, or select a lower-level procedure or 
heuristic that may provide a sufficiently good 
solution to an optimization problem, where classical 
approaches fail, or cannot even been applied [1]. 
Antenna design [2], chemistry [3], wireless sensor 
network [4], and many other are applications where 
global optimization is crucially important.  
During the last decade, conventional optimization 
techniques have shown serious limits when dealing 
with solving complex real-world problems[5].  
In front of that, the advent of evolutionary 
computation provided a more robust and efficient 
approach for overcoming these problems.  
Historically, many of the most successful meta-
heuristic approaches have had a biological 
inspiration, They become increasingly popular. There 
are many reasons for such popularity and attention, 
and two main reasons are probably that these 
algorithms are flexible and versatile [6], their power 
comes from the fact that they imitate the best feature 
in nature.  
Genetic Algorithms (GA), Ant Colony Optimization 
(ACO), Particle Swarm Optimization (PSO), 
ArtificialBee Colony (ABC), Cuckoo Search (CS) 
and Firefly Algorithm (FA) are some of the most 
popular algorithms in this class of stochastic 
algorithms.  
GA developed in 1960 by Holland and further 
described by Goldberg [7]. They consist on a 
population of bit strings transformed by three genetic 
operators: selection, crossover and mutation. Each  
string (chromosome) represents a possible solution 
for the problem being optimized and each bit (or 
group of bits), represents a value for some variable of 
the problem (gene). These solutions  

are classified by an evaluation function, giving better 
values, or fitness, to better solutions.  
More recently, based on the flashing patterns and 
behavior of fireflies, Xin-She Yang has developed a 
new heuristic algorithm called Firefly Algorithm 
(FA).  
The discovery of this algorithm was inspired by 
observations of social behaviors of Fireflies who use 
flashing to attract mating partners. This movement is 
determined by the resulting attraction, and the 
attractiveness is related to the intensity of the emitted 
light.  
The FA literature has expanded significantly in the 
last 5 years with several hundred papers published 
about structure design, stock forecasting, and 
production scheduling [8].  
Both GA and FA have been found to be very efficient 
in solving global optimization problem. It is noted 
that the vast majority of research works has proved 
that despite FA has outperformed GA in multi-modal 
optimization, the firefly algorithm FA is better in 
terms of time taken for generating optimum or near 
optimum value compared to GA. This does not 
prevent that GA is simpler in terms of 
implementation and configuration.  
Taking advantage of the compensatory property of 
GA and FA, we propose a new algorithm that 
combines the evolutionary natures of both (denoted 
as GA-FA). The robustness of GA-FA will be tested 
against a set of benchmark multi-modal test functions 
[9]. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Genetic Algorithms (GA).  
GA is a randomized global search technique that 
solves problems by imitating processes observed 
from natural evolution. Based on the survival and  
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reproduction of the fittest, Holland and further 
discovered GA in 1960. Since this year GA has been 
successfully adopted in many complex optimization 
problems and shows its virtues over traditional 
optimization methods, especially when the system 
under study has multiple local optimum solutions.  
GA evolves a population of candidate solutions. Each 
solution is usually coded as a binary string  
called a chromosome. The fitness of each 
chromosome is then evaluated using a performance  
function Fig.1 after the chromosome has been 
decoded. Upon completion of the evaluation, a biased  
roulette wheel is used to randomly select pairs of 
better chromosomes to undergo such genetic  
operations as crossover and mutation that mimic 
nature. The newly produced chromosomes turn  
out to be stronger than the weaker ones from the 
previous generation; they will replace these weaker  
chromosomes. This evolution process continues until 
the stopping criteria are reached.  

By summarizing the roles of GA recently cited we 
can formulate the pseudo-code of GA as succeeding 
algorithm Alg.1 :  
1- Choose the initial population of individuals.  
2- Evaluate the fitness of each individual in that 
population.  
3-Repeat on this generation until termination: (time 
limit, sufficient fitness achieved, etc.).  
a- Select the best-fit individuals  
for reproduction.  
b- Breed new individuals through  
crossover and mutation  
operations to give birth  
to offspring.  
c- Evaluate the individual fitness  
of new individuals.  
d- Replace least-fit population  
with new individuals. 
Agorithm.1: Basic Steps of Genetic Algorithm 

Fig1 Fitness function evaluation scheme 
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2.2. Firefly Algorithm (FA)  
As GA, the firefly is one of the most impressive 
performances swarm intelligence algorithms in 
solving optimization problems. Which was based on 
the flashing patterns an behaviour of fireflies [10]  
Fireflies are insects characterized by their amazing 
flashing light produced by a process of 
bioluminescence. The main role of such flashes can 
be reduced to the following two tasks: Firstly to 
attract mating partners and secondly to remind 
potential predators of the bitter taste of fireflies.  
A pseudo-code of the FA is illustrated in algorithm 
Alg.2 from which it can be seen that the algorithm 
consists of the following elements:  
•a representation of a firefly,  
•an initialization  
•a moving operator  
•an objective function  
Objective function f(x), x = (x1,…xd)T  
Initialize a population of fireflies xi (i = 1,2…,n)  
Calculate the light intensity Ii at xi by f(xi)  
Define light absorption coefficient γ  
While (t < MaxGeneration)  
for i = 1:n all n fireflies  
for j = 1:n all n fireflies  
Calculate the distance r between xi and xj  
using Cartesian distance equation  
if (Ij > Ii)  
Attractiveness varies with distance r  
Move firefly i towards j in all  
d dimensions  
end if  
Evaluate new solutions and update  
light intensity  
end for j  
end for i  
Rank the fireflies and find the current  
Best end while  
end while  
Post-processresults and visualization  
Algorithm 2: Pseudo-codefor the standard FA 
 
2.3. Hybrid Genetic Algorithm and FireFly 
Algorithm (GA-FA).  
As mentioned in the algorithms description; Both the 
firefly algorithm and Genetic algorithms have their 
own advantages and they both work well for a wide 
range of optimization problems. In this paper, we 
propose a new hybrid algorithm based on FA and CS 
by combining some of the advantages of both 
algorithms. We call the proposed approach the 
Genetic Firefly (GA-FA) that combines the attraction  
mechanism of FA with the very relevant reproduction 
strategy of CS as shown in Fig. 2.  
The hybrid approach takes N individuals that are 
randomly generated. These individuals may be 
regarded as chromosomes in the case of GA or as 
Firefly in the case of FA.  
The algorithm is recovered in two phases for 
generating the initial population by introducing the 

GA crossover operator when solving an N 
dimensional problem  
The N individuals are sorted by fitness, and the top N 
individuals are fed into the real-coded  
GA to create N new individuals by crossover.  
The crossover operator of the real-coded GA is 
implemented by borrowing the concept of linear  
combination of two vectors, which represent two 
individuals in our algorithm, with a 100 %  
crossover probability.  
The random mutation operator proposed for the real-
coded GA is replaced by introducing by the FA 
method.  
The global best particle of the population is 
determined according to the sorted fitness values.  
The best positions of particles neighborhood are first 
selected by evenly dividing the N particles  
into N neighborhoods and designating the particle 
with the better fitness value in each neighborhood as 
the best particle’s neighborhood.  
A reconstruction of these ideas is detailed in the 
Alg.3 
1- GA method  
Generate a population of size N  
Repeat  
For i=1 to N do  
Evaluate the fitness of each of the N individuals  
Rank them on the basis of the fitness values  
Selection  
If F >Fbesti so  
Fbesti= F  
End if  
100% crossover  
For the N best individuals, apply two-parent 
crossover to update  
The N best individuals.  
End for  
For  
GA-Mutation we apply the PSO method  
End for  
2- FA method  
Apply FA operator (evaluate and update light 
intensity)  
For the updating the N individuals with worst fitness  
Update the particles intensity and position  
Until the termination criterion is reached  
Algorithm 3: Pseudo-code of GA-FA  
 
III. RESULTS AND DISCUSSION  
 
3.1. Comparison of results.  
Table.1 resumes the results of the algorithm applied 
with benchmark function.  
It summarizes our comparison of results and we mean 
by the following abbreviations;  
 
 Fmin: Minimum of the function.  
 Niter: Number of iteration.  
 SR: Success rate.  
 Time/s: Time per seconds  
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Several tests have been performed on some well-
known benchmark test functions, with known global 
optima, in order to demonstrate the efficiency as well  
as the accuracy of the proposed method  
3.2 .Benchmark test functions.  
In order to compare different optimization algorithms 
Generic protocols have been put in place called 
benchmark functions. Basic information about the 
benchmark functions are reported in Table.2 

 
Fig2: Scheme of GA-FA 

 
Table1. : Basic information about Benchmark functions

 
Table 1. Results of the algorithms applied with benchmark function
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According to the results in table.1, by comparing the 
Success rate (SR) we can clearly see that our hybrid 
algorithm produces good results for the majority of 
benchmark functions (5/7). Which means 80% of 
tests  
 
CONCLUSION 
 
In this paper, a robust algorithm which is based on 
hybridization of Genetic algorithm GA with Firefly 
algorithm FA is proposed to find global minimum: 
GA-FA is swarm-intelligence-based, so it has similar 
advantages as other swarm intelligence-based  
algorithms. However, GA-FA has two major 
advantages over other algorithms: Best Success rate  
and a good ability to deal with multimodality.  
Future works will include an application in 
optimizing the design and construction of mechanical 
pieces. We intend also to propose a new approach 
based on another robust heuristics Cuckoo Search . 
 
REFERENCES 
 
[1] S. Salcedo-Sanz, “Modern meta-heuristics based on nonlinear 

physics processes: A review of models and design 
procedures”, Physics Report, vol.605,no.1,pp.1–70 , October 
2016.  

[2] Horng M. H. “Vector quantization using the firefly algorithm 
for image compression”. Expert Systems with Applications. 
vol. 39, no.1, pp. 1078–1091, 2012.  

[3] Basu B., Mahanti G. K. “Thinning of concentric two-ring 
circular array antenna using firefly algorithm. Scientia 
Iranica”. vol. 19, no.6, pp. 1802–1809, 2012.  

[4] Ourique C. O., Biscaia E. C., Pinto J. C. “The use of particle 
swarm optimization for dynamical analysis in chemical 
processes”. Computers & Chemical Engineering. vol. 26, 
no.12, pp. 1783–1793, 2002  

[5] Camilo T., Carret C., Silva J. S., Boavida F. “An energy-
efficient ant-based routing algorithm for wireless sensor 
networks, Ant Colony Optimization and Swarm Intelligence”. 
Springer Berlin Heidelberg. 2006, pp. 49–59.  

[6] Xin-She Yang and Mehmet Karamanoglu. “Swarm 
Intelligence and Bio-Inspired Computation: An Overview”. 
Department of Design Engineering and Mathematics, School 
of Science and. 2013.  

[7] Vladimiro Muanda. “GENETIC ALGORITHMS IN 
OPTIMAL MULTISTAGE DISTRIBUTION NETWORK 
PLANNING”. IEEE Transactions on Power Systems, Vol. 9, 
No. 4, November 1994.  

[8] G. Kanagaraja, S.G. Ponnambalama, N. Jawaharb. 
“Comparative Study of Krill Herd, Firefly and Cuckoo 
Search Algorithms for Unimodal and Multimodal 
Optimization”. I.J. Intelligent Systems and Applications, Vol. 
66, No. 4, December 2013.  

[9] P. N. Suganthan, N.Hansen. “Problem Definitions and 
Evaluation Criteria for the CEC 2005 Special Session on 
Real-Parameter Optimization”. School of EEE, Vol. 1, No. 1, 
2005,pp.1–50.  

[10] G. Kanagaraja, S.G. Ponnambalama, N. Jawaharb. 
“Comparative Study of Krill Herd, Firefly and Cuckoo 
Search Algorithms for Unimodal and Multimodal 
Optimization”. I.J. Intelligent Systems and Applications, Vol. 
66, No. December, 2013,pp.1115–1124. 

 
 
 
 


 

http://iraj.in

