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Abstract: Firefly Algorithm is a recently developed meta-heuristic algorithm, which is 
inspired by the flashing behaviour of Firefly.  Initially, Firefly algorithm was used to 
solve the optimization problems of continuous search domain. Further, many researchers 
have successfully implemented this algorithm in several discrete optimization problems. 
Although the firefly algorithm behaves like another meta-heuristic method (i.e. Particle 
Swarm Optimization particle), however, the firefly is robust than that. Due to the presence 
of an exponential term in its movement equation, firefly algorithm is capable to search 
optimum value more efficiently than others. This study is, mainly, focused to show 
the strength of the firefly algorithm to solve the complex problems and to explore the 
possible research area on the structural engineering field. This study shows about the 
robustness of the firefly algorithm on the basis of recently published papers that was 
used to solve the size, shape and topology optimization of the spatial truss structure with 
discrete design variables. The review result shows that the performance of the Firefly 
Algorithm is remarkable compared to other nature-inspired-algorithms, such as particle 
swarm optimization. This study concludes with some remarkable points that will be more 
beneficial to the future researchers of this area. 

Keywords: Firefly algorithm, improved Firefly algorithm, hybridization, modification, 
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1.	 Introduction

Firefly algorithm is one of a recent swarm intelligence method developed by Xin-She Yang in 2008. 
It is a stochastic, nature-inspired, meta-heuristic algorithm that can be applied to solve the hardest 
optimization problems. Stochastic means to use the randomization process for searching the set of 
solutions in a search domain. The stochastic method includes two branches called, heuristic and 
metaheuristic. Heuristic means ‘to find’ or ‘to discover by trial and error [31]. It means there is no 
guarantee that the optimal solution will be found in a reasonable amount of time. Meta-heuristic 
means ‘higher level’, where the search process used in algorithms is influenced by a certain trade-
off between randomization and local search [30]. 

In the Firefly algorithm, the ‘lower level’ (heuristic) concentrates on the generation of new 
solutions within a search space and thus, selects the best solution for survival. On the other hand, 
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randomization enables the search process to avoid the solution being trapped into local optima. 
The local search improves a candidate solution until improvements are detected. Metaheuristic is 
generally better than the heuristic algorithm since the search process is randomization and local 
search [31]. Even though metaheuristic only able to provide an “acceptable" solution, but it is 
not able to face complex and harder problems in a significant time [27]. Metaheuristic consists 
of two components: exploration (or diversification) and exploitation (or intensification) [6, 31]. 
Exploration is the process of exploring the global search space thoroughly to discover the diverse 
solutions within that space. On the other hand, exploitation means the process of exploiting the 
local information to accelerate the search process and finally, helps to generate good solutions so 
far. Diversification is concerned with global search; therefore, it will increase the chance to gain 
the global optimality. But it will make the process slower with less convergence rate, whereas, 
intensification is about local search, which helps to converge the solution quickly. But again, there 
will be a chance of premature convergence and missing the global optima [35]. It is better to 
provide tread-off between these two components [31]. Balancing between these two components 
will provide the chance to diversify the search to reach nearer to the diversified solutions in a short 
time with the more chance to obtain the global optimality [6, 35].

This paper covers a brief review of swarm intelligence based meta-heuristic algorithm, to show 
that it could be applicable to solve the complex structural engineering problems. On the other 
hand, it motivates and encourages the researchers who have an interest in solving structural design 
and optimization problems by using intelligence tools. Several kinds of literature are selected 
in this study. These are selected on the basis of literature that studied the real-field problem and 
demonstrates the remarkable outcomes.

The rest of the paper is outlined as follows: Section 2 presents the concept of firefly algorithm. 
Section 3 provides a clear description of firefly algorithm variants. Section 4 deals about the 
significance of algorithm in several engineering fields and Section 5 summarizes the paper with 
conclusion of the study. 

2.	 Standard Firefly Algorithm

Firefly algorithm is a very recent meta-heuristic optimization algorithm developed by Yang [30, 
31] and it is inspired by the flashing behaviour of fireflies. The movement of each Firefly is guided 
by its flashing pattern and attraction strategy. Three idealized rules are given below: 

a.	 All fireflies are unisex so that one Firefly is attracted to other fireflies regardless of their 
sex.

b.	 Attractiveness is proportional to brightness, so for any two flashing fireflies, the less bright 
Firefly will move towards the brighter Firefly. Both attractiveness and brightness decrease 
as the distance between fireflies increases. If there is no Firefly brighter than a particular 
Firefly, that Firefly will move randomly.

c.	 The brightness of a Firefly is affected or determined by the landscape of the objective 
function.

The light intensity is decreased as the distance increase. It is also influenced by absorbed by 
the surrounding air, thus the intensity becomes less appealing as the distance increase [31]. The 
attractiveness of the fireflies is proportional to the light intensity seen by the other fireflies.  
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Mathematically,  	 						                 	         (1)

		  where, is the attractiveness at  r = 0. 

The distance between two fireflies can be defined by using Cartesian distance:

		
	 			                       (2)

The less bright Firefly ‘i’ move towards the brighter Firefly ‘j’. Then, the movement equation is,

	  	 [ ]    		         (3)

In equation (3), first term representation of the initial position of Firefly. In the second term, β 
represents the attractiveness which depends on brightness. ‘γ’ represents the absorption coefficient 
with the limiting values between 0 to ∞. If γ→0, then it indicates a Firefly can be seen anywhere in 
the space and easy to complete global search. If γ→∞, the attractiveness, and brightness decreases. 
Therefore, Firefly movements become random. The third term is for randomization, where ‘α’ 
the randomize parameter and  is a randomization vector. The letter ‘t’ represents the generation 
number counter during the process.

Pseudo code for standard Firefly algorithm is given in Fig. 1. It gives the clear picture of the Firefly 
algorithm and also describes that how the Firefly algorithm works

Fig. 1: Pseudo code for Standard Firefly algorithm [30]

3.	 Variants of Firefly Algorithm

At the beginning of its development, the classical firefly algorithm has been used mainly on 
continuous optimization problems. Classical firefly algorithm is not sufficient to get the desired 
solution if the size, variables, and complexity of problems are increased. Hence, the variants are 
necessary. Variants may be either in terms of a modification or in terms of hybridization to the 
classical firefly algorithm. In total, there are more than 20 different firefly algorithm variants [15]. 

3.1.	 Modification of FA

Although the classical firefly algorithm is a powerful method to optimize the truss, it suffers from 
the slow rate of convergence. Therefore, modification needs to improve the solution quality with 
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reasonable convergence speed. Accelerated firefly algorithm improves the searching mechanism 
by using two strategies, i.e. gradual reduction of randomness and scaling the random term in 
fireflies’ motion [3]. 

A classical firefly algorithm has some deficiencies in optimizing problems with large solution 
space, such as performing at a slow speed and high risk to trap on a poor local optimum. It will 
occur due to the wide distribution of initial individuals in the large solution space. To recover 
these deficiencies, a new firefly algorithm variant, named IFA, has proposed. It uses two strategies. 
First, embedding the random weight in classical firefly algorithm, that helps to enhance global 
exploration in the initial stage of the search process. Second, using improved attractiveness to 
enhance the local exploration that helps to provide the ability to escape from poor local optima in 
an accurate and fast way, and also helps to avoid excessive pace for location updating and lead to 
repeated oscillation in the last stage of the search process where the algorithm depends mainly on 
the local search [25, 29].

3.2.	 Hybrid Firefly Algorithm 

A new hybrid metaheuristic approach by hybridizing harmony search (HS) with firefly algorithm 
(FA) (named as, HS/FA), is proposed to solve function optimization. Because of using the 
exploration of HS and the exploitation of FA, HS/FA has a faster convergence speed than HS and 
FA [18]. Farahani et al. [13] have published a paper with the use of a Genetic Algorithm (GA) 
hybridizing with Firefly Algorithm. 

4.	 Application of Firefly Algorithm in Structural Engineering

FA is used by many researchers to solve the various type of problems such as routing problem [22], 
image processing [20], classification/clustering problems [26], optimization problems [3, 25, 29, 
33, 5, 23, 32, 21, 13, 1]. FA is also used to solve various structural engineering problems. It has 
successfully tested in the various field of structural engineering, such as, earthquake engineering 
[14], Beam section design [10, 7] and design and optimization of steel structures [8], Shape, size 
and topology optimization of truss structures [3, 25, 29], Structural damage detection [12] etc.  

4.1 Firefly Algorithm in Structural Optimization

In recent year, most of the researches are focused to solve the structural optimization problems 
because of the robustness of firefly algorithm to solve the complex problem. Several types of 
structural optimization problems are existing in the real world. They depend on objective functions 
selected, variables used, constraint types and the degree of complexity. Structural optimization 
problems are classified as; continuous [3], discrete [25, 29], combinatorial, constrained [17, 8], 
unconstrained [19], mixed variable [16], multi-objective [34], multi-modal [24], Multiple load 
case [3], dynamic [28, 2] and noisy [9].

4.1.1 Firefly Algorithm in Truss Optimization 

The truss optimization problem is a type of complex structural problems. It consists of several 
variables, constraints, loading types with the objective function to minimize structural weight. 
Cost of truss structure is mainly depending on the weight of truss [4]. Minimum weight is generally 
taken as an objective function. Mainly, stress, displacement, stability, buckling, and natural 
frequency are taken as a constraint in truss optimization problems. There is three part of truss 
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topology optimization. They are size optimization, shape optimization, and topology optimization. 
In size optimization, sectional area is taken as a variable. Shape optimization uses the coordinates 
of nodes as a variable. Similarly, connectivity is used as a variable in topology optimization. 
Several researchers carried their research on truss optimization because of its popularity in the 
construction field. In this study, only some recent literatures containing remarkable results are 
selected. Basically, this study aims to describe the robustness of firefly algorithm, to explorer the 
future research area and to show its scope in the structural engineering field. The selected literature 
is [3, 29].

4.1.2 Review of Literature Results

In this Section, the latest literature, published by Wu et al. [29] and Baghlani et al. [3] have selected 
to demonstrate the robustness and significance of the firefly algorithm and the modified firefly 
algorithm for complex engineering problems. These literatures are focused on size, shape and 
topology optimizations of trusses to incorporate the practical issues. Both of these papers have 
focused to solve the similar problems with discrete design variables as well as the similar load case. 
The first paper has introduced an improved strategy, named as IFA (improved firefly algorithm), 
to increase the performance and solution quality of classical firefly algorithm. And similarly, 
the second paper has introduced a new approach, named AFA (accelerated firefly algorithm), to 
speed up the solution convergence. Two spatial truss problems have taken on this study, which 
is shown in Fig. 2 and Fig. 3. The Fig. 2(a) and 2(b) show the initial geometry and the best 
topology with the minimum weight of 25-bars-spatial-truss, respectively. Similarly, Fig. 3(a), 3(b) 
and 3(c) show the initial geometry of 72-bars-spatial-truss and Fig. 3(d) is the final best topology 
of this truss with the minimum weight. The comparative study is carried out in this study to show 
the power, effectiveness, efficiency, and significance of the firefly algorithm to solve complex 
structural engineering problems. The dimensions used in Fig. 2(a) are in centimeter. The results 
are summarized in table 1 and 2.

            

	 Fig. 2(a): 25-bar spatial truss 	           	    Fig. 2(b): Best topology of 25-bar spatial truss

Table 1: 25-bar spatial truss structure [29]

Results
Baghlani et al. [3] Wu et al. [29]

PSO2 (Li et al.) FA3 AFA4 FA3 IFA5

Weight (kg) 285.35 247.32 247.09 256.91 256.91

NOA1 150,000 38,775 6,750 1,245 570
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Fig. 3(a): 72-bar spatial truss	         Fig. 3(b): Planner view 	     Fig. 3(c): Element & node 
numbering

Fig. 3(d): Best topology of 25-bar spatial truss

Table 2: Results for 72-bar spatial truss structure [29]. 

Results Baghlani et al [3] Wu et al. [29]
PSO2 (Li et al.) FA3 AFA4 FA3 IFA5

Weight (kg) 2457.12 165.10 165.04 167.04 167.04
NOA1 150,000 41,085 11,000 14,280 9,520

1Number of Analysis, 2Partical Swarm Optimization, 3Firefly Algorithm, 4Accelerated FA, 5Improved FA



189Tripathi

After the comparative study from table 1 and 2, Firefly Algorithm shows the best results than 
Particle Swarm Optimization (PSO). Firefly Algorithm seems effective in both i.e. solution quality 
as well as convergence speed. The result shows that the minimum weight obtained from the firefly 
algorithm is almost fifteen times lesser than it found from PSO. Similarly, the solutions of firefly 
algorithm converged nearly four times faster than PSO. Based on this result, it can be concluded 
that the modified versions of firefly algorithms (AFA and IFA) has the highest convergence speed 
and higher solution quality compared to another meta-heuristic method like PSO.  It speaks clearly 
that the firefly algorithm must be the first selection when solving the complex structural engineering 
problems, like simultaneous optimization of size, shape, and topology a truss.

Similarly, if the results form firefly algorithm and modified versions of firefly algorithms (AFA and 
IFA) are compared, it can be pointed out that the modified versions of firefly algorithm remarkably 
speed up the convergence of solution than the speed of original version of firefly algorithm. That 
is almost four times faster in case of accelerated firefly algorithm and 1.5 times faster in case 
of improved firefly algorithm. From these results an important conclusion can make, that is, the 
solution obtained from the classical firefly algorithm is better than other meta-heuristic methods, 
but it may not be a final and sufficient one. Therefore, some proper control of its parameter and 
problem-based modifications are necessary to enhance the capacity of the classical algorithm. 
Ultimately, that helps to push the fireflies towards the best solution with the fastest convergence 
rate.

5.	 Conclusion 

Firefly algorithm is becoming an important and powerful method in comparison to several other 
meta-heuristic methods, such as GA[13], PSO [23], HS [18], SA [5], Ant Colony Optimization 
[10] etc., because of its simplicity, versatility, superior efficiency. It has more flexibility to tread-off 
between exploration and exploitation. It means that the firefly algorithm is strong to search globally 
as well as local search in a design domain. Because of this property, the firefly algorithm can reach 
more near to the exact solution. Structural engineering is one of a complex field in engineering 
sector due to its challenges to implementing the original concepts into a real-world, economically 
and safely. Firefly algorithm will provide a better way to solve such problems efficiently. In 
these days, firefly algorithm becomes more popular in structural optimization field because of 
its robustness and flexibility to solve the various type of problems, such as structural designs, 
structural optimization, structural damage detection, earthquake resistance design, earthquake 
prediction etc. including NP-hard problems. From the literature study, it can be concluded that; 
firefly algorithm is a very strong method than other meta-heuristic methods, to solve the complex 
practical engineering problems. Although firefly algorithm is stronger than other, still its solution 
may not be a final and sufficient. It demands problem-based modification if the research focused to 
find the best result in the fastest way. 

Research community of structural engineering is struggling to find a best and efficient algorithm. 
From continuous study and its advancement in future, the firefly algorithm may change into a 
truly intelligent algorithm. Firefly algorithm has no long history in structural optimization field. 
There is a sufficient gap for future research in this area. Some of them are; (1) Firefly algorithm is 
rarely used to solve the problem with discrete design variables. The improvement of the algorithm 
for this aspect may be one of a probable area of future research. (2) Firefly algorithm has not 
the provision to change its parameter when Firefly moves towards the best solution. It may lead 
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to reducing the strength of the firefly algorithm. Hence, to develop this method with parameter 
tuning and parameter controlling, may be one of a green area for future research. (3) There are 
some difficulties to apply the firefly algorithm in the structural engineering problems because 
of its limited theoretical study. Study about the theory of firefly algorithm with the objective of 
real-world application may be one another research area in future. (4) Almost negligible firefly 
Algorithm based research has carried out in structural earthquake engineering, therefore it may be 
a larger area in the future research. 
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