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Abstract— A novel hybrid algorithm combining Firefly Algorithm (FA) and Flower Pollination Algorithm (FPA) has been 
developed in this paper. The proposed algorithm integrates the merits of FA and FPA. FA is used for initialization purpose 
while FPA is used to fine tune the solution vector. The switch probability in FPA is made adaptive to compute the hybrid 
algorithm. The proposed algorithm is tested on several benchmark functions available in the literature. Numerical results 
demonstrate the superiority of the hybrid algorithm over the individual algorithms. 
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I. INTRODUCTION  
 
Optimization   problems   are   of   prime importance 
for industrial as well as scientific world in diverse 
applications. There are various optimization problems 
that present attributes, such as high nonlinearity and 
multimodality, the solution of which is usually 
complex. Moreover, in many cases, complex 
optimization problems present noise and/or 
discontinuities which make traditional deterministic 
methods inefficient to find the global solutions. 
Meanwhile, global optimization methods based on 
meta-heuristics provide robust alternatives for solving 
complex optimization problems and do not require 
any properties of the objective function [1]. 
Metaheuristic algorithms are at present gaining 
popularity among researchers worldwide due to their 
effectiveness in finding the optimum solution and 
reliability in solving real world problems. They are 
widely employed to solve various complex problems 
in science and engineering, medicine, finance and 
even management. Metaheuristic algorithms have 
four basic properties. First of all, they are inspired by 
natural phenomena in the universe. Secondly, they 
include a stochastic approach wherein an optimum 
solution is not known and it is randomly searched in a 
feasible area. Moreover, they do not use derivative 
term in finding the solution. Last but not the least, 
they involve some user defined parameters at the 
initial stage in order to function properly [2]. 
Genetic Algorithm (GA), Particle Swarm 
Optimization (PSO), Artificial Bee Colony (ABC) 
optimization etc are only to name a few of the 
popular metaheuristic techniques that are good at 
finding the promising regions of search space without 
getting trapped into local optima. However, these 
individual algorithms often exhibit unacceptable slow 
convergence rates owing to their random search, 
especially near global optimum. Hence, the hybrid 
algorithms that can benefit from the advantages of 
both methodologies and alleviate their inherent 
drawbacks are of interest currently [3]. 

Firefly algorithm (FA) is one of the popular global 
optimization algorithms, inspired by the flashing 
behavior of fireflies [4]. Although FA is powerful in 
local search but sometimes it gets trapped into several 
local optimums as result it cannot search globally 
well [5]. 
This paper develops a new hybrid algorithm by 
combining FA with Flower Pollination Algorithm [6] 
(FPA), based on the pollination process of flowering 
plants. The parameter switch probability used in FPA 
is made adaptive by a formula to improve the 
performance of the hybrid algorithm. During the 
initial optimization stages, the proposed algorithm 
starts with FA to find a near optimum solution and 
accelerate the convergence speed. The search process 
is then shifted to FPA and the best solution found by 
FA is considered as the initial starting point for FPA 
and fine-tuned. Thus, the hybrid FAFPA algorithm 
finds an optimum solution more quickly and 
accurately. Experiments have been carried out with 
five most commonly used test functions to validate 
the proposed algorithm. 
The organization of the remaining paper is as follows. 
In Sections 2 and 3, FA and FPA are briefly 
introduced. In Section 4, hybridizing firefly algorithm 
with flower pollination algorithm named FA-FPA is 
proposed and explained in details. Experiments and 
discussions are presented in Section 5. Finally, we 
conclude about the paper in Section 6. 
 
II. FIREFLY ALGORITHM (FA) 
 
The Firefly algorithm was developed by Yang [4] and 
it was based on the idealized behavior of the flashing 
characteristics of fireflies. For simplicity, we can 
idealize these flashing characteristics as the following 
three rules: 

 All fireflies are unisex so that one firefly 
is attracted to other fireflies regardless of 
their sex  

 Attractiveness is proportional to their 
brightness, thus for any two flashing 
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fireflies, the less bright one will move 
towards the brighter one. The 
attractiveness is proportional to the 
brightness and they both decrease as their 
distance increases. If no one is brighter 
than a particular firefly, it moves 
randomly  

 The brightness or light intensity of a 
firefly is affected or determined by the 
landscape of the objective function to be 
optimized.  

In FA, there are two important issues: the variation 
of light intensity and formulation of the 
attractiveness. For simplicity, we can always 
assume that the attractiveness of a firefly is 
determined by its brightness or light intensity 
which in turn is associated with the encoded 
objective function. In the simplest case for 
maximum optimization problems, the brightness   
I (x) of a firefly at a particular location (x) can be 
chosen as I(x)F (x). However, the attractiveness 
 is relative; it should be seen in the eyes of the 
beholder or judged by the other fireflies. Thus, it 
will vary with the distance rij between firefly i and 
firefly j. As light intensity decreases with the 
distance from its source and light is also absorbed 
in the media, so we should allow the attractiveness 
to vary with the degree of absorption. 
In the simplest form, the light intensity I (r) varies 
with the distance r monotonically and exponentially 
in Eq. (1)  

 
 
Where I0 is the original light intensity and  is the 
light absorption coefficient. As a firefly’s 
attractiveness is proportional to the light intensity 
seen by adjacent fireflies, we can now define the 
attractiveness  of a firefly by Eq. (2): 

 
Where 0 is the attractiveness at r = 0. It is worth 
pointing out that the exponent r 2 can be replaced by 
other functions such as r m when m  0.  
 
The distance between any two fireflies i and j at xi 
and x j respectively, is the Cartesian distance is 
calculated using Eq. (3): 

 
 
Where xid, is the dth component of the spatial 
coordinate xi  of ith firefly. The movement of a firefly 
 
i is attracted to another more attractive (brighter) 
firefly j is determined by according to Eq. (4): 

 
 

where the second term is due to the attraction while 
the third term is randomization with 1 being the 
randomization parameter and rand is a random 
number generator uniformly distributed in [0, 1]. 
 
III. FLOWER POLLINATION ALGORITHM 
(FPA) 
 
Developed by Yang [6], Flower Pollination 
Algorithm (FPA) is inspired by the flower pollination 
process of flowering plants and follows a set of rules 
as given below: 

1. Biotic and cross-pollination is considered as 
global pollination process with pollen carrying 
pollinators performing Levy flights.  

2. Abiotic and self-pollination are considered as 
local pollination.  

3. Flower constancy can be considered as the 
reproduction probability is proportional to the 
similarity of two flowers involved.  

4. Local pollination and global pollination is 
controlled by a switch probability p∈ [0, 1]. 
Due to the physical proximity and other factors 
such as wind, local pollination can have a 
significant fraction p in the overall pollination 
activities.  

 
Obviously, in reality, each plant can have multiple 
flowers, and each flower patch often release millions 
and even billions of pollen gametes. However, for 
simplicity, we also assume that each plant only has 
one flower, and each flower only produce one pollen 
gamete. Thus, there is no need to distinguish a pollen 
gamete, a flower, a plant or solution to a problem. 
This simplicity means a solution xi is equivalent to a 
flower and/or a pollen gamete.  
There are two key steps in FPA, global pollination 
and local pollination. In the global pollination step, 
flower pollens are carried by pollinators such as 
insects, and pollens can travel over a long distance 
because insects can often fly and move in a much 
longer range. This ensures the pollination and 
reproduction of the fittest, and thus we represent the 
fittest as g*.  The first rule plus flower constancy can 
be represented mathematically as 

 
 
Where xt

i is the pollen i or solution vector xi 
atiteration t, and g* is the current best solution found 
among all solutions at the current 
generation/iteration. The parameter L is the strength 
of the pollination, which essentially is a step size. 
Since insects may move over a long distance with 
various distance steps for which we can use a Levy 
flight to mimic this characteristic efficiently. That is, 
we draw L > 0 from a Levy distribution given by 
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IV. HYBRID FAFPA ALGORITHM 
 
By combining FA with FPA, a new hybrid algorithm 
referred to as FAFPA algorithm is formulated in this 
paper. In this approach the balance between 
exploration and exploitation is achieved using FA as 
a global optimizer for global exploration while FPA 
as a deterministic local search algorithm for local 
exploitation. This algorithm effectively uses the 
merits of both FA and FPA techniques and avoids 
their weaknesses. In FAFPA, the search process starts 
with the FA by initializing a group of random agents. 
The calculation continues with the FA for a specific 
number of iterations to search the global best position 
in the solution space. The best solution obtained 
through FA is taken as the initial starting point for 
FPA and the search process is then switched to FPA 
to accelerate convergence to the global optimum. In 
the hybrid algorithm, the switch probability of FPA is 
made adaptive by the formula as stated in [7]: 

 
 
Where Wmax and Wmin are two user defined 
parameters, T is the total number of iterations and t is 
the current generation. In this way, the hybrid 
algorithm may find an optimum more quickly and 
accurately. The procedure for the proposed FAFPA 
algorithm is presented in Fig. 1. 
 

 
Fig. 1: Flowchart for FAFPA Algorithm 

 
V. EXPERIMENTAL RESULTS 
 

In this study, a set of five well-known standard 
benchmark functions are employed. Although these 
functions may not necessarily give an accurate 
indication of the performance of an algorithm on real 
world problems, they can be used to investigate 
certain aspects of the algorithms under consideration. 
The functions, dimension, the admissible range of the 
variable and the optimum value to be obtained are 
summarized in Table 1. All these functions are to be 
minimized. The first two functions are unimodal 
whereas the last three functions are multimodal 
optimization problems with a considerable amount of 

local minima. 
The presented benchmark functions are solved using 
FA, FPA and FAFPA algorithms. In the experiments, 
the population size is set as 30 and maximum 
iteration number is 2000. The parameters of Firefly 
Algorithm (FA) β0, α0 and γ are 0.2, 0.5 and 1, 
respectively. The switch probability for the FPA 
algorithm is considered as 0.7 as adopted in [7]. In 
the hybrid FAFPA algorithm, two adaptive weights 
wmin and wmax are taken as 0.4 and 0.9 respectively. 
The algorithms are given 30 independent test runs 
and the results are recorded. Then the statistical 
analyses are carried out and for each method the best, 
worst, mean and standard deviation are calculated. 
The performance comparison among the three 
algorithms on five functions is presented in Table 2. 
The findings in this table show that, for all the test 
functions, the FAFPA converged to a more 
significantly accurate final solution than both FA and 
FPA. In terms of mean and best fitness values, the 
new algorithm could provide a significantly better 
solution for all functions. At the same time, the 
standard deviation of the results obtained by the 
FAFPA in 30 independent runs for all the functions 
are smaller than those computed by FA indicating the 
superior stability of the proposed method. 
 
CONCLUSIONS 
 
A hybrid global optimization algorithm called 
FAFPA has been proposed. It combines two search 
techniques: the firefly and flower pollination 
algorithms. Both FA and FPA are derivative free 
algorithms for global optimization, so the proposed 
FAFPA also does not require the derivatives of the 
optimized objective functions. In this approach, the 
FA successfully searches all space during the initial 
stages of a global search. Then, the algorithm 
switches to FPA for accurate local exploitation 
around the best solution and to complement the 
global exploration provided by FA. The performance 
of the proposed algorithm as a global optimization 
technique is investigated using a set of five well-
known unimodal/multimodal benchmark functions. 
As compared to the results obtained from the parent 
algorithms FA and FPA, the proposed hybrid 
algorithm proved excellent in terms of accuracy, 
convergence rate, stability and robustness. 
 

Table 1: Benchmark Functions 
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Table 2: Experimental Results of Benchmark Functions 
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