
Received 19 July 2015

Accepted 1 December 2015

An improved fruit fly optimization algorithm based on selecting evolutionary direction 
intelligently *

Wu Lei†

College of mechanical and electronic engineering, China University of Petroleum, No. 66,  Changjiang West Road , 
Huangdao District, Qingdao, Shangdong Province, China

E-mail: wuleiupc@163.com

Xiao Wensheng
College of mechanical and electronic engineering, China University of Petroleum, No. 66,  Changjiang West Road , 

Huangdao District, Qingdao, Shangdong Province, China

Zhang Liang
College of mechanical and electronic engineering, China University of Petroleum, No. 66,  Changjiang West Road , 

Huangdao District, Qingdao, Shangdong Province, China

Liu Qi
College of mechanical and electronic engineering, China University of Petroleum, No. 66,  Changjiang West Road , 

Huangdao District, Qingdao, Shangdong Province, China

Wang Jingli
College of mechanical and electronic engineering, China University of Petroleum, No. 66,  Changjiang West Road , 

Huangdao District, Qingdao, Shangdong Province, China

Abstract

As a novel global optimization algorithm, the fruit fly optimization algorithm FOA has been successfully applied in 
a variety of mathematic and engineering fields. For the purpose of accelerating the convergence speed and 
overcoming the shortcomings of FOA, an improved fruit fly optimization called SEDI-FOA was proposed in this 
paper. In the proposed SEDI-FOA, more fruit flies would fly in the search direction that was best for finding the 
optimal solution, or at least in a direction close to the optimal direction. Experiments were conducted on a set of 12
benchmark functions, and the results showed that SEDI-FOA performed better than other several improved FOA 
and frequently-used intelligence algorithms, especially in the areas of accelerating convergence and global search 
ability and efficiency.
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1. Introduction

Optimization problems are used extensively in science, 
engineering and business. Over the last few decades, a 
number of meta-heuristic optimizations have been 
developed. These optimizations are based on biotic 
factors [1] [2]. Fruit fly optimization algorithm (FOA) is
a new novel optimization algorithm presented by the
scholar Pan [1][3], which is inspired by the food
searching behavior of fruit-fly, and has the advantage of
being easy to understand, much simpler and more robust
compared with the complicated optimization methods 
proposed by past scholars [1][3]. The fruit fly has 
obvious advantages over other creatures in olfactory and 
visual sensory perception; its olfactory senses can 
perceive extremely faint smells of food floating in the 
air, even can smell a food source accurately up to 40 
kilometers away. The fruit fly’s keen vision can confirm 
the food’s location, as well as the location of other fruit 
flies that have gathered close to the food.

FOA has some advantages such as being easily 
understandable and having simple calculations [4].
Therefore, the algorithm can be widely used in science 
and engineering fields [4], such as in solving the 
steelmaking casting problem [5], continuous 
mathematical function optimization problems [6],
GRNN parameters optimization [7], semiconductor final
testing scheduling problem [8], web auction logistics 
service [9], design of the PID controller [10], power 
load forecasting [11], multidimensional knapsack
problem optimization [12] and analyzing swarms of 
mini autonomous surface vehicles [13].

2. Literature review

To improve the search efficiency and global search 
ability, researchers designed several improved FOAs
[2].Yuan et.al [14] proposed a novel CFOA (chaotic-
enhanced fruit fly optimization algorithm), which
employs chaotic sequence to enhance the global
optimization capacity of original FOA. Wang et.al [15] 
introduced AM-FOA (adaptive mutation fruit fly 
optimization algorithm). When algorithm trap in local 
optimum, AM-FOA selected a corresponding number of 
fruit files from the population and makes mutation and 
then updated the global optimum. Niu et.al [4] proposed 
an improved fruit fly optimization algorithm DFOA 
(differential evolution FOA) by modifying the
expression of the smell concentration judgment value 

and by introducing a differential vector to replace the 
stochastic search. Wang et.al [2] introduced an 
improved FOA (IFOA) in which a new method of 
maintaining the population diversity was developed to 
enhance the exploration ability and fruit flies with better 
fitness values use vision to fly toward a new location, 
and the others fly randomly in initial search space based 
on swarm collaboration. Shan [16] has proposed 
LGMS-FOA (FOA based on linear generation 
mechanism of candidate solution), in which fruit fly 
individuals are generated by a linear mechanism. Pan 
[6] had put forward IFFO (improved fruit fly 
optimization). In IFFO, a new control parameter is 
introduced to tune the search scope around its swarm 
location adaptively and a new solution generating 
method is developed to enhance accuracy and 
convergence rate of the algorithm. But in the later stage 
of IFFO, while the adjacent generation optimal solution 
remains unchanged, it is not rational to reduce the 
iteration step value continually. Yuan [17] presented
MFOA (multi-swarm FOA). In the MFOA approach, 
several sub-swarms moved independently in the search
space with the aim of simultaneously exploring global 
optimal at the same time, and local behavior between 
sub-swarms are also considered [17].

But there is a common disadvantage of all these 
FOAs, the search direction of fruit fly is random.
Obviously, it is not suit for the demand of efficiency.
For the purpose of improving the search efficiency, a 
mechanism called “selecting the evolutionary direction 
intelligently” was introduced. And then, an improved 
fruit fly optimization algorithm called SEDI-FOA based 
on selecting the evolutionary direction intelligently was
presented. The best search direction is fixed after 
evaluating the optimization results of the current group, 
so more fruit flies would fly in the best search direction 
or in a nearby direction to find the optimal solution. In 
SEDI-FOA the search direction of population 
individuals is selected according a certain mechanism
which be introduced in this paper. But in other FOAs,
the search direction and distance of population 
individuals are random. The effectiveness of SEDI-FOA
is verified by a simulation experiment.

The rest of the paper is organized as follows. 
Section 3 describes original fruit fly optimization FOA 
and the improved fruit fly optimization algorithm SEDI-
FOA. Simulation results and comparisons are 
introduced in Section 4. Section 5 covers conclusions.
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3. Fruit fly optimization algorithm 

3.1 Original fruit fly optimization FOA

The main idea behind the FOA technique is based upon 
the drosophila’s biological behavior [13]: (1) The fly 
flies with levy flight motion; (2) It smells the potential 
location (attractiveness); (3) It would then taste. 
Parameters in the original fruit fly optimization FOA 
mainly include: the initial position of the 
group )Y,X( , the population size S, the iteration 
number M, and the iteration step value R.

Fly swarm

Fly 1

Fly S

Fly 2

Dist 1

Dist 2

Food

Iterative
evolution

Dist S

Fig.1. Iterative process of FOA
According to fruit fly foraging behavior, the 

iterative optimization process of fruit fly optimization 
algorithm can be summarized in the following steps 
[17](a case study of solving two-dimensional function 
extremum): 
Step1 Random initial fruit fly swarm location 

),( YX as shown in Fig. 1;
Step2 Individual searches for food in random 
directions and distances;

M,,,nrandRY)i(Y
S,,,irandRX)i(X

n

n

21
21

   (1)

nn iYiX )(,)( is the position of i-th fruit fly 
individual among S fruit flies.
Step3 Since the food location cannot be known, 
estimate the distance niD )( between the coordinate 
origin and the individuals;

22 )()()( nnn iYiXiD            (2)

The closer the location is to the origin location, the 
smaller the density of the food. Then, the smell 
concentration judgment value n)i(S is calculated, and 
this value is the reciprocal of the distance. 

nn iDiS )(/1)(                       (3)
Step4 Substitute the smell concentration judgment 
value niS )( into a smell concentration judgment 
function F (sometimes called the Fitness function) so 
as to find the smell concentration )(iSmell of the 
individual location of the fruit fly.

niSFiSmell )()(             (4)
Step5 Identify the fruit fly with the maximal smell 
concentration (finding the maximal value) among the 
fruit fly swarm.

)max(SmellbestIndexbestSmell    (5)
Step6 Reserve the best smell concentration value and 
the individual coordinate with the highest density of
fruit fly individuals ))(,)(( nn bestYbestX of the n-th 
generation swarm. Other individuals fly toward the 
highest density individual using their keen vision.

n

n

bestYY
bestXX

bestSmellSmellbest

)(
)(           (6)

Step7 Apply iterative optimization to repeat the 
implementation of Step 2-Step 5, and then judge if the 
smell concentration is superior to the previous iterative 
smell concentration; if so, implement Step 6. When the 
number of iterations is less than the maximum iterative 
number M, the loop terminates.

3.2 Improve fruit fly optimization algorithm SEDI-
FOA

In the original FOA, the smell concentration of fruit fly 
individuals is judged by the distance from the fruit fly 
individual to the virtual food source. As we know, the 
distance value cannot be negative, so the original FOA 
cannot solve for the extremum when the extremum is in 
the negative domain. Therefore, in this paper, the smell 
concentration )i(Smell is evaluated based on the 
decision variable ( )nx,x,xX 21= directly as 

( ))i(XF)i(Smell = [17].
In the original FOA, the fruit fly individual search 

direction and distance are random. However, in the 
actual biological world, the swarms have intelligence 
and can intelligently evaluate and remember individual 
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search behavior. Given the biological swarm’s 
intelligence, the individual direction should not be 
randomly selected in FOA. This paper presents an 
intelligent decision method for the FOA individual 
optimization direction. This method evaluates the 
optimization effect of the fruit fly’s contemporary 
generation, and then the optimal search direction is 
determined in order to ensure that more fruit fly 
generations move in the optimal search direction or in 
the nearby direction when finding the optimal solution.

The initial position of the fruit fly swarm is 
random ),( YX ; the coordinate of the highest taste 
density of individual is nn bestYbestX )(,)( after n 
generations of optimization. According to the FOA 
optimization rules, the n-th generation of a fruit fly 
group will converge nn bestYbestX )(,)( , and there 
are:

nn

nn

bestYY
bestXX

)(
)(

                   (7)

nn YX , is the position coordinate of n-th 
generation swarm’s converged position.

Define the optimal search direction nF of the n-th 
generation swarm (as shown in figure 2):

MnFn ,2,1 Y-Y(best),X-X(best) nn (8)

(0,0)

Food

initial  location

Fly swarm

optimal search 
direction

Fly 1

Fly 2

Fig.2. Optimization process of SEDI-FOA

nF , which is called the optimal search direction of 
the n-th generation swarm, is the flight direction that 
can enable the swarm to reach the optimal solution in 
the shortest time. In the evolution of the (n+1)-th 

generation swarm, more fruit fly individuals should fly 
toward nF or in the nearby direction.

Assume that the position coordinates of one fruit 
fly of the (n+1)-th generation swarm is 

SaaYaX nn ,2,1,)(,)( 11 . Define the angle 
between the flight direction and the optimal search 

direction nF as follows:

2
n

2
n

2
n1n

2
n1n

nn1nnn1n

YYXXYY(a)XX(a)

YYYY(a)XXXX(a)

---

----cos

(9)
As we know, ,0 distributed symmetrically 

on two sides of nF .
In the process of the (n+1)-th generation 

optimization, the swarm flies around a center at 
coordinates nn YX , . The m

echanism of intelligent selection search direction 
prescribes that the nearer the flight direction is to 

nF (meaning that is closer to 0 ), the greater 
probability of the direction being selected. Likewise, the 
farther the flight direction is from nF (meaning that 
is closer to ), the smaller the probability of the 
direction being selected.

Define the selection function of the individual 
flight direction ( )g as follows:

C*Cg -                  (10)

C is a given constant. As we know from equation 
(10), when 0 , Cg )( . This means that 
individuals of the (n+1)-th generation swarm fly toward 

nF in the maximum probability C . Likewise, when
, 0)(g ; this means that individuals of 

(n+1)-th generation swarm fly against nF in the 
probability 0. 

Obviously, the value of C must insure that the 
probability of being selected of anyone in swarm is 
100%. In the other words, any individual of fruit fly 
swarm can be selected and then flies toward a direction.

So, we can conclude:

0 0

122 CCg       (11)

It is easy to calculate that:
1C                          (12)

The optimization flowchart of SEDI-FOA is found 
in Fig. 3.
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Parameters setting
The initial position of the group X,Y , the population size S, the iteration number M
and the iteration step value R, constant C=1/

The first iteration
Iteration number n=1 the iteration step value R1=R , the fruit fly individuals search 
food in randomly directions, the coordinate of the highest taste density of individual 
is (X1 Y1), other individuals fly toward the highest density individual using their 
keen vision

Define the optimal search direction
Iteration Number n(n>=2), the optimal search direction of the n-th generation swarm 

Central step of IAFOA 
The swarm flies around a center at coordinates (Xn,Yn) and in the individual flight 
direction g( )

Performance evaluation
Update the fitness and best position of the swarm, other individuals fly toward the 
highest density individual using their keen vision

n<M

Yes

No

Iteration number 
n=n+1

Start

End

Fig.3. optimization flowchart of SEDI-FOA

4. Simulation results and comparisons

To test the performance of the proposed algorithm
SEDI-FOA, we conducted experiments on 12 

benchmark functions [4]. The details of these 12 
functions in list in Table 1.
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Table1.  List of benchmark functions
Test 

functions Functional expression Region of 
search

Extreme 
value

Coordinates of extreme 
value point 

1f 2
2

2
121 exp1),( xxxxf [-10,10] 0 [0,0]

2f 22
2

2
1

2
2

2
1

2

21 ))(001.01(
)5.0(sin

5.0),(
xx

xx
xxf

-
- [-20,20] 1 [0,0]

3f
2

2
2

1 )()(
2121 )cos()cos(),( xxexxxxf [-30,30] 1 [ ]

4f
3

1

2)(
i

ixxf [-5.12,5.12] 0 [0,0,0]

5f -
3

1=
)10+)2cos(10(=)(

i
ii xxxf [-5,5] 0 [0,0,0]

6f
5

1

5

1
)(

i
i

i
i xxxf [-10,10] 0 [0,0,0,0,0]

7f
5

1

2
5

1

2 1.0)2cos(1)(
i

i
i

i xxxf [-10,10] 0 [0,0,0,0,0]

8f 1+)cos(
4000

1
=)(

15

1=

15

1=

2 -
i i

i
i i

x
xxf [-10,10] 0 [0,0,…,0]

9f
15

1

24 )516(
15
1)(

i
iii xxxxf [-10,10] -78.332314 [2.905,2.905,…,2.905]

10f
15

1
1.0)sin()(

i
iii xxxxf [-10,10] 0 [0,0,…,0]

11f
ex

xxf

i
i

i
i

20))2cos(
30
1exp(

)
30
12.0exp(20)(

30

1

30

1

2

[-32,32] 0 [0,0,…,0]

12f --
30

1=

222
1+ ))1(+)(10(

30
1

=)(
i

iii xxxxf [-10,10] 0 (1,1,…,1)

In order to verify the effectiveness and 
advancement of SEDI-FOA, several improved FOAs 
such as DFOA [4], IFFO [6] and LGMS-FOA [16] are 
used to compare. Otherwise, three widely-used 
evolutionary algorithms are compared with the proposed 
SEDI-FOA approach: they are the particle swarm 
optimization (PSO) algorithm [18], the covariance 
matrix adaptation evolution strategy (CMAES) [19], the 
self-adaptive differential evolution (SaDE) algorithm 
[20]. Owing to their stochastic nature, evolutionary 
algorithms may arrive at solutions that are better or 
worse than solutions they have previously reached 
during their search for new solutions. For this reason, it 
is beneficial to use statistical tools to compare the 
problem-solving success of one algorithm with that of 
another [17]. All the seven algorithms (DFOA, IFFO, 

LGMA-FOA, PSO, CMAES, SaDE and SEDI-FOA)
are run 50 times for the 12 test functions.

The parameter settings of seven evolutionary 
algorithms are as follow:

(1)DFOA: In the experiments, we set S=100, 
M=1000 and F=0.9 according to the literature [4].

(2)IFFO: In the experiments, we set S = 100 and M
= 1000 for IFFO algorithms; the other parameters are 
fixed as 2= /)LBUB(max - and 5

min 10 ,
according to the literature [6].

(3)LGMS-FOA. LGMS-FOA generates a new 
individual )x,x,x(X n,i,i,ii 21= by setting 

)LBUB()(randx jjjj,i -××+= for n,,j 21= ,
where is a weight generated by Iter×= 0 , 0 is 
the initial weight and is the weight coefficient. 
According to Shan et al. [16], we set the population size 
S = 100, the iteration number M = 1000, 0 = 1, and 
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= 0.95. UB and LB are the top and bottom limitations 
of the search region.

(4) The iteration number M =1000, the population 
size S=100. Other parameter settings of PSO, CMAES 
and SaDE, are according to the literature [18], [19] and 
[20] respectively.

(5) SEDI-FOA. In the experiments, we set S=100, 
M=1000, C=1/ . Besides, the iteration step value R is 
set according with the region of search. Usually, the 
value of R is one-tenth of the value of region.

The comparison of the results are reported in Table 2.

Table 2. Comparison of the results
Functions Stats DFOA IFFO LGMS-FOA PSO CMAES SaDE SEDI-FOA

1f
(0)

Best 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean -3.84E -07 -2.34E -05 -7.02E -05 -1.94E -06 -2.41E -05 -6.11E -04 -2.01E -08
Std. 5.3E -06 2.3E -04 1.7E -04 2.3E -05 4.8E -04 6.7E -03 5.8E -07

2f
(1)

Best 1.0 1.0 1.0 1.0 0.999925 0.999998 1.0
Mean 0.999965 0.999847 0.999248 0.999984 0.996273 0.997836 0.999971
Std. 2.7E -04 3.5E -03 2.7E -03 7.0E -06 1.8E -03 1.7E -03 4.9E -05

3f
(1)

Best 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mean 0.999962 0.99574 0.998056 0.999927 0.995412 0.994681 0.999966
Std. 8.6E -06 4.7E -03 3.3E -03 3.4E -04 2.7E -03 5.4E -03 5.1E -05

4f
(0)

Best 3.09E -07 0.0 0.0 0.0 0.0 0.0 0.0
Mean 1.5E -07 6.32E -09 2.58E -08 3.57E -08 4.81E -07 6.33E -07 8.76E -10
Std. 2.1E -05 3.5E -08 4.8E -07 3.7E -07 2.9E -06 1.7E -06 3.7E -09

5f
(0)

Best 6.95E -07 0.0 0.0 0.0 2.30E -06 2.27E -05 0.0
Mean 7.36E -04 6.34E -07 4.18E -06 1.20E -03 7.01E -03 4.59E -03 5.84E -07
Std. 1.6E -03 1.82E -04 3.49E -03 8.6E -01 2.9E -02 3.2E -02 1.75E -05

6f
(0)

Best 5.13E -08 0.0 0.0 2.58E -05 0.0 3.47E -5 0.0
Mean 1.03E -05 2.64E -04 3.11E -03 8.41E -02 2.14E -05 3.77E -02 3.46E -06
Std. 1.1E -04 3.5E -02 2.8E -01 3.4E +01 6.5E -03 2.4E -01 4.7E -05

7f
(0)

Best 0.0 0.0 3.71E -06 0.0 2.83E -05 0.0 0.0
Mean 2.69E -03 2.74E -02 4.92E -03 2.64E -02 8.11E -03 2.37E -02 9.13E -04
Std. 0.2489 1.2748 0.8126 2.3548 0.4571 3.4582 0.0981

8f
(0)

Best 6.69E -06 0.0 0.0 0.0 0.0 0.0 0.0
Mean 5.20E -03 1.27E -02 3.48E -02 3.80E -03 1.01E -03 2.77E -03 6.27E -04
Std. 1.23E -02 1.62E -02 2.47E -01 3.0E -02 8.9E -01 2.0E -02 4.84E -03

9f
(-78.332314)

Best -78.307571 -78.151970 -78.265894 -78.322302 -78.312289 -78.322297 -78.332209
Mean -74.012450 -70.254862 -71.463281 -68.367517 -71.123059 -66.549080 -75.207516
Std. 2.3E +01 4.1E +02 2.8E +02 7.2E +03 6.6E +01 9.9E +01 1.7E +01

10f
(0)

Best 3.56E -05 3.48E -04 7.16E -03 8.11E -03 6.48E -02 3.48E -04 2.67E -05
Mean 2.34E -02 3.48E -02 4.89E -01 3.57E -01 9.79E -01 3.48E -02 6.44E -02
Std. 5.8E +01 2.7E +02 3.7E +02 3.7E +01 4.8E +02 4.4E +01 2.3E +01

11f
(0)

Best 2.36E -02 3.54E -01 6.48E -02 4.58E -02 2.67E -02 4.58E -01 3.57E -02
Mean 1.378462 5.345670 1.223694 0.845684 2.154870 3.2658410 1.0348710
Std. 3.5E +02 2.6E +02 3.5E +01 2.3E +01 6.4E +02 3.4E +02 5.7E +01

12f
(0)

Best 5.61E -05 3.54E -04 2.66E -03 8.6E -04 0.0 3.0E -06 1.35E -06

Mean 0.154110 1.332694 0.945860 1.798256 0.254623 0.387544 0.098543

Std. 6.1E -01 2.3E +01 4.4E -01 8.8E -01 1.0E -01 3.1E -01 7.83E -03
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Fig.4.  Best fruit fly flying route for benchmark functions using SEDI-FOA approach
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In Table 3, where the “Best” means the optimal 
objective function value, the “Mean” reflects the 
precision and rate of convergence, and the “Std.” 
reflects the stability and robustness of the algorithm [21].

From the Table 3 we can know that SEDI-FOA has
the best performance in finding the “Best”, “Mean”,
“Std.” of 1f , 4f , 5f , 6f , 7f , 8f and 9f . Refer to 2f ,
SEDI-FOA has found the “Best”, but the performance in 
“Mean” and “Std.” is ranking only second to PSO. 
SEDI-FOA has best performance in “Best” and “Mean”
of 3f , but the performance in “Std.”  is worse than 
DFOA. Besides, SEDI-FOA has best performance in
“Best” and “Std.” of 10f , “Best” of 11f , “Mean” and 

“Std.” of 12f . Taken together, SEDI-FOA achieved 29
optimum value in 36 testing items. So we can concluded 
that SEDI-FOA has made great improvement in finding 
the optimal value.

The best fruit fly flying routes for benchmark 
functions in this simulation using the proposed SEDI-
FOA approach are illustrated in Fig. 4, which shows that 
the best fruit fly can direct the global optimal solution in 
an efficient way.

5. Conclusion

In order to overcome the defect of original fruit fly 
optimization FOA, an improved FOA called SEDI-FOA
based on selecting the evolutionary direction 
intelligently was proposed. Fruit fly of the swarms fly 
towards the best search direction or along a nearby 
direction to find the optimal solution, so that the 
efficiency of SEDI-FOA will increase. Simulation 
results showed that the SEDI-FOA achieved 29 
optimum value in 36 testing items compared with three 
improved FOAs and three evolutionary algorithms.

But SEDI-FOA still has many problems that need 
to be improved, such as solving for the high-
dimensional continuity function, identifying how to
code when solving engineering problems, learning how 
to realize rapid convergence in practical problems and 
so on.

Acknowledgements

This work was supported in part by the project 
foundation of china Ministry of industry and 
information technology “Research of gordian technique 
of deep-water semi-submersible platforms”, and the 

National 863 plan project foundation of china “Key 
technology research of automated processing of deep-
water drilling rig and string” (No. 2012AA09A203),
and Project of scientific and technological achievements
of Jiangsu province “Research and industrialization of 
the key techniques of drilling string used in marine deep 
water”.

References

1. W.T. Pan, A New Fruit Fly Optimization Algorithm: 
Taking the Financial Distress Model as An Example,
Knowledge-Based Systems. 26(2012) 69–74.

2. L. Wang, Y.L. Shi, S. Liu, An improved fruit fly 
optimization algorithm and its application to joint
replenishment problems, Expert Systems with Applications.
42(9)(2015)4310–4323.

3. H.D. Dai, A.L. Liu, J.H. Lu, et al, Optimization about the
layout of IMUs in large ship based on fruit fly
optimization algorithm, Optik. 126(4)(2015)490–493.

4. J.W. Niu, W.M. Zhong, Y. Liang, et al, Fruit fly 
optimization algorithm based on differential evolution and 
its application on gasification process operation 
optimization, Knowledge-Based Systems. 88(2015)253–
263.

5. J.Q. Li, Q.K. Pan, K. Mao, et al, Solving the steelmaking 
casting problem using an effective fruit fly optimization
algorithm, Knowledge-Based Systems. 72(2014)28–36.

6. Q.K. Pan, H.Y. Sang, J.H. Duan, et al. An improved fruit 
fly optimization algorithm for continuous function 
optimization problems. Knowledge-Based Systems. 62
(2014)69-83.

7. W.T. Pan, Using modified fruit fly optimization algorithm 
to perform the function test and case studies, Connection 
Science. 25(2–3)(2013)151–160.

8. X.L. Zheng, L. Wang, S.Y. Wang, A novel fruit fly 
optimization algorithm for the semiconductor final testing 
scheduling problem, Knowledge-Based Systems.
57(2014)95–103.

9. S.M. Lin, Analysis of service satisfaction in web auction 
logistics service using a combination of fruit fly 
optimization algorithm and general regression neural 
network, Neural Computing and Applications. 22(2-
3)(2013)783-791.

10. C. Li, S. Xu, W. Li, et al, A novel modified fly 
optimization algorithm for designing the self-tuning 
proportional integral derivative controller, Journal of 
Convergence Information Technology. 7(16)(2012)69-77.

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

89



W. Lei et al. / An improved fruit fly optimization algorithm

11. H.Z. Li, S. Guo, C.J. Li, et al, A hybrid annual power load
forecasting model based on generalized regression neural 
network with fruit fly optimization algorithm, Knowledge-
Based Systems. 37(2013)378–387..

12. L. Wang, X.L. Zheng, S.Y. Wang, A novel binary fruit fly 
optimization algorithm for solving the multidimensional 
knapsack problem, Knowledge-Based Systems.
48(2013)17–23.

13. Z.Z. Abidin, M.R. Arshad, U.K. Ngah, A simulation based 
fly optimization algorithm for swarms of mini autonomous 
surface vehicles application, Indian Journal of Geo-
Marine Science. 40(2)(2011)250–266.

14. X.F. Yuan, Y.M. Liu, Y.Z. Xiang, et al, Parameter
identification of BIPT system using chaotic-enhanced fruit
fly optimization algorithm, Applied Mathematics and 
Computation. 268(2015)1267–1281.

15. W.C. Wang, X.G. Liu, Melt index prediction by least 
squares support vector machines with an adaptive 
mutation fruit fly optimization algorithm, Chemometrics 
and Intelligent Laboratory Systems. 141(2015)79–87.

16. D. Shan, G.H. Cao, H.J. Dong, LGMS-FOA: An Improved 
Fruit Fly Optimization Algorithm for Solving 

Optimization Problems. Mathematical Problems in 
Engineering. 2013(Article ID108768).

17. X.F. Yuan, X.S. Dai, J.Y. Zhao, et al. On a novel multi-
swarm fruit fly optimization algorithm and its application. 
Applied Mathematics and Computation. 233(2014)260-
271.

18. R. Thangaraj, M. Pant, A. Abraham, P. Bouvry, Particle 
swarm optimization: hybridization perspectives and
experimental illustrations, Applied Mathematics and 
Computation. 217(12)(2011)5208–5226.

19. C. Igel, N. Hansen, S. Roth, Covariance matrix adaptation 
for multi-objective optimization, Evolutionary 
Computation. 15(1)(2007)1–28.

20. J. Brest, S. Greiner, B. Boskovic, et al. Self-adapting 
control parameters in differential evolution: a comparative 
study on numerical benchmark problems, IEEE 
Transactions on Evolutionary Computation. 10(6) 
(2006)646–657.

21 W.S. Xiao, L. Wu, X. Tian et al. Applying a new adaptive 
genetic algorithm to study the layout of drilling equipment 
in semisubmersible drilling platforms [J], Mathematical 
Problems in Engineering. 2015(Article ID146902).

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

90



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


