The International Arab Journal of Information Technology, Vol. 12, No. 2, March 2015 163

Chaos Genetic Algorithm Instead Genetic
Algorithm
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Abstract: Today the Genetic Algorithm (GA) is used to solve a large variety of complex nonlinear optimization problems.
However, permute convergence which is one of the most important disadvantages in GA is known to increase the number of
iterations for reaching a global optimum. This paper, presents a new GA based on chaotic systems to overcome this
shortcoming,. We employ logistic map and tent map as two chaotic systems to generate chaotic values instead of the random
values in GA processes. The diversity of the Chaos Genetic Algorithm (CGA) avoids local convergence more often than the
traditional GA. Moreover, numerical results show that the proposed method decreases the number of iterations in optimization
problems and significantly improves the performance of the basic GA. The idea of utilization of chaotic sequences for
optimization algorithms is motivated by biological systems such as Particle Swarm Optimization (PSO), Ant Colony
algorithms (ACO) and bee colony algorithms and has the potential to improve ordinary GAs.
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1. Introduction

In today’s world, it is very important to solve complex
nonlinear optimization problems. There are some
efficient techniques to solve nonlinear optimization
problems, such as a recursive quadratic programming,
a projection method and a generalized reduced gradient
method [29]. In these methods must be differentiable
the objective function. But, in general, it is difficult to
apply these methods to the problems. Since, firstly
their objective function is complex and sometimes is
not differentiable, secondly their objective function
may have many local minimum or maximum.

During the past years many techniques have been
proposed for optimization problem. Genetic Algorithm
(GA) is one of the heuristic-based optimization
techniques and successfully applied in many
optimization problems. GA is probabilistic, robust and
heuristic search algorithms premised on the
evolutionary ideas of natural selection and genetic
[17]. At present, the GA has been widely used in
function optimization, combinatorial optimization,
robotics, image processing and so on [7]. The main
idea behind the design of a GA is to achieve robustness
and adaptive process in the real world problems which
are never static or predictable [26]. GA is different
from most conventional calculus-based search
algorithms in the following characteristics: No
limitation on the continuity or discreteness of the
search space, parallel computation of a population of
solutions, using natural selection criteria, and no
gradient information [14]. However, this method has a
few disadvantages. The GA process may take a large
number of iterations to reach the global optimal
solution and also a key problem of GA is permeating

convergence. Several methods have been proposed to
overcome the shortcomings and improve the efficiency
of GA [10, 33, 38]. Their effects are various in
different problems. In order to, avoid these problems, it
is necessary to find an effective approach to improve
GA and to increase speed of convergence.

Recently the theories and application of nonlinear
dynamic, especially chaos, have drowned more and
more attention in many fields such as secure
transmission, telecommunication and cryptography
[31, 37]; nonlinear circuits [3], DNA computing [24],
and image processing [8, 9]. Another field is the
potential applications of chaos in various disciplines
including optimization. Chaos Optimization Algorithm
(COA) is a recently proposed population-based
stochastic optimization algorithm which is used by
chaotic map [19]. In [6] proposed the Chaos Genetic
Algorithm (CGA) which uses logistic map to generate
the initial population, it still can’t mutation diversity of
the population in some complicated cases. In [22], is
proposed a novel feature selection method based on
chaos GA that used two kind of chaotic mapping to
maintain and enhance the global searching capability.
In another research, Wang and Yoo [36] proposed a
new hybrid GA based on chaos and PSO to solve key
problems GA; their results show that, the proposed
method improves both global convergence and
convergence precision.

The rest of the paper is organized as follows:
Section 2 has provided an introduction to GA. In
section 3 we’ve introduced Chaos theory. In section 4
CGA has been described and finally, experimental
results are presented in section 5.
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2. Genetic Algorithm

GAs have been developed by John Holland at the
University of Michigan in the early 1970’s [28]. GA
belongs to the larger class of Evolutionary Algorithms
(EA), which generate solutions to optimization
problems using techniques inspired by natural
evolution, such as inheritance, mutation, selection and

crossover. These algorithms encode a potential
solution to a specific problem on a simple
chromosome-like ~ data  structure and  apply

recombination operators to these structures so as to
preserve critical information. In a GA, a population of
strings (called chromosomes or the genotype of the
genome), which encode candidate solutions (called
individuals, creatures, or phenotypes) to an
optimization problem, evolves toward better solutions.
The evolution usually starts from a population of
randomly generated individuals and happens in
generations. In each generation, the fitness of every
individual in the population is evaluated, multiple
individuals are stochastically selected from the current
population (based on their fitness) and modified
(recombined and possibly randomly mutated) to form a
new population. The new population is then used in the
next iteration of the algorithm. Commonly, the
algorithm terminates when either a maximum number
of generations have been produced or a satisfactory
fitness level has been reached for the population.

Relying on multi-point search and algorithmic
features, it is not easy to fall into local optimal solution
but can converge to a universal optimal solution [18].
Since, GA is good at searching, it is used to solve
complex nonlinear optimization problems. Choosing
the proper parameters of GA such as, population size,
crossover probability and mutation probability, is the
key to affect the behavior and performance of GA.
Hence, if the P, is too large, the genetic pattern is
much easier to be damaged and the individual
structures with high fitness will be destroyed soon.
But, if the P, is too small, the search process will go
slowly, even stagnate [5]. If the mutation probability
P, is too small, it is difficult to produce the new
individual structures; but if the value of P, is too large,
the GA then becomes a pure random search algorithm
[5]. However, increasing of population size can reduce
the number of iterations to reach global optimum.

3. Chaos Theory

Chaos is a bounded dynamic behavior that it occurs in
deterministic nonlinear system. Although, it appears to
be stochastic, it occurs in a deterministic nonlinear
system under deterministic conditions [2]. It is highly
sensitive to changes of initial condition than a small
change to initial condition can lead to a big change in
the behavior of the system. Chaos theory is typically
described as the so-called ‘butterfly effect’ detailed by
Lorenz [23]. There are three main properties of the
chaotic map, i.e.

e FErgodicity.

e Randomness.
e Sensitivity to initial condition.

The ergodicity property of chaos can ensure chaotic
variables to traverse all state non-repeatedly within a
certain range according to its own laws [32]. So, this is
can be used as an optimization mechanism which
avoids falling into local minimum solution [36]. The
sensibility to the initial state, one of the most important
characters of chaotic systems, can ensure that there are
not two identical new populations even if the two best
fit solutions obtained by sequential evolving
procedures are very close [16]. So, such population not
only reserves the best fit chromosome, but also
maintains population diversity.

By using these properties, an effective approach was
proposed for maintaining the population diversity and
avoids the search being trapped in local optimum. In
this paper, we use logistic and tent maps to generate
the chaotic sequence. Chaotic sequences have been
proven easy and fast to generate and store, there is no
need for storage of long sequences [13]. In addition, an
enormous number of different sequences can be
generated simply by changing its initial condition.
Moreover, these sequences are deterministic and
reproducible [2]. We outline the two chaotic mappings
as follows:

1. Logistic Map [25]: Is one of the simplest forms of
chaotic mappings. Basically, this map is a
polynomial mapping of degree 2, whose equation is
the following:

X,y =X, (1-X,) X, el (1)

Where, r is a control parameter which is between 0
and 4. Obviously, X0 (0, 1) under the conditions
that the initial X,0J (0, 1) and that X,[0 {0.0, 0.25,
0.75, 0.5, 1.0}. When 3.57< r< 4, the system has
proven to be chaotic state. In this paper, r=4 is used.
Figure 1-b shows its chaotic dynamics, where,
Xp=04.

2. Tent Map [27]: Is one of the known chaotic systems
and it is a discrete-time dynamical system, whose
equation is the following:

n+l

Xy, X<

2

Where, u is a control parameter, when /< u< 2, the
system exhibits chaotic behavior. In this paper, we
take p=1.5. Figure 1-a shows its chaotic dynamics,
where, x,=0.3.
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a) Dynamics of tent map. b) Dynamlcs of loglstlc map.

Figure 1. Dynamics of chaotic systems.
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We have generated 10000 random value and chaos
numbers between 0 and 1. Figure 2 shows the random
values and Tent chaotic system output values, it is
clearly the diversity of chaotic system values are
better than the random values.
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b)Distribution of 10000 numbers generated of tent map.

Figure 2. Distribution of 10000 numbers generated of random and
tent map.

4. Chaos Genetic Algorithm

Recently, chaos theory and the generation of chaotic
sequences instead of random ones have been adopted,
which has led to very interesting results in many
applications such as optimization of power flow
problems [30], control systems [34], neural networks
[15], cryptography [31, 37] and image processing [9]
and others. Due to the easy implementation and special
ability to avoid being trapped in local optima, chaos
has been a novel optimization technique and chaos-
based search algorithms have aroused intense interests
[35]. Many researchers have found a close-knit
relationship between chaos and cryptography [20, 21],
and many of their properties can be found in traditional
cryptosystems. Abdullah ez. a/ [1] introduced a hybrid
method based on GA and chaotic function for image
encryption; their results show that the hybrid method
can perform a high level of resistance against statistical
invasions. In random-based optimization algorithms,
are used chaotic variables instead of random variables.
Experimental studies assert that the benefits of using
chaotic signals instead of random signals are often
evident although, it is not mathematically proved yet
[4]. GA has aroused intense interest, due to the
flexibility, versatility and robustness in solving
optimization problems, which conventional
optimization methods find difficult [6]. One of the
major disadvantages of the GA 1is its premature
convergence, especially while optimization problems
have more local optima. In this situation, the solving
procedure is trapped in the local optimum and most of
the operators can’t produce offspring surpassing their
parents any more [16]. In this paper, CGA is proposed
that combine the concept of chaos with GA.
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The chaos as it was cited in pervious section is a
general phenomenon is nonlinear system that has some
properties such as randomness, ergodicity; regularity
and sensitivity to initial condition. By use of these
properties of chaos, we propose CGA based on two
kinds of chaotic mapping. In improving the algorithm,
we use chaotic mapping instead of random process.
The standard GA uses random sequences in the initial
population, crossover and mutation.

In the GA method, the initial population generated
by a random approach might be unevenly distributed
and away from the optimal solution. Hence, the
algorithmic efficiency can be very low and more
number of iteration is needed to find the global
optimum. Therefore, we use the uniform distribution of
the tent map to generate the initial population. Then,
we use logistic map output instead of crossover and
mutation each time a random number is needed. The
flowchart of the proposed method has been shown in

Figure 3.
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Figure 3. CGA flowchart.
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5. Numerical Results and Discussion

The proposed method has been implemented in
MATLAB by assistance of logistic and tent map
chaotic systems and finally it has been tested on some
famous benchmark functions which Tablel shows the
main properties of the benchmark function used in the
experiments.

To examine the performance of the proposed
algorithms, 5 test functions are adopted in this paper
and we compared the proposed algorithms with the
standard GA and PSO algorithms. In PSO algorithms,
swarm size is set to 25. For each method the Average
(Mean), Best (Min), Worst (Max), Standard Deviation
(SD) are calculated from the simulated runs and then
they are compared. The sets of parameters were
assigned for PSO i.e., ¢;=c¢,=2 and v,,, is clamped to
be 15% of the search space. Also, in GA and CGA
algorithms, the population size is set to 100, crossover
and mutation rate are set to 0.8 and 0.2 respectively. In



The International Arab Journal of Information Technology, Vol. 12, No. 2, March 2015 166

Table 1. Benchmark for simulation.

Function Mathematical Representation Range Modality Optimum
Zakharoy JO)=S0x ]+ (20050, )7 + (20, 0.50x )7 (5. 10) Unimodal 0
Ackley (=20 +e - 20exp(-0.2/1 / n( Zf’:,xl.z) -exp(l / n( X cos2nx ;) (-32,32) Multimodal 0
Rosenbrock F)=S0 (1000 7= x 0, )7+ (x -1)7) (-10, 10) Unimodal 0
Rastrigin fx)=%"_, (x ,.2- 10cos2mx ; +10) (-5.12,5.12) | Multimodal 0
Griewank f(x)=1 /4000 X7_; x ,2 -7 cos(x ;7 \/7 )+ (-600, 600) Multimodal 0

these experiments, all the simulations were done 2000
generation. Two criteria are applied to terminate the
simulation of the algorithms: Reaching maximum
number and reaching to the global optimal solution.
These algorithms have been implemented in
MATLAB and the results are shown in Table 2 in the
100 independent runs by each algorithm. To evaluate
the performance of the GA, PSO and CGA are
calculated the means of the fitness value (Mean), Best
(Min), Worst (Max) and the SD. In this comparison, it
can be seen that the proposed methods could as well as
improve the disadvantages of the standard algorithms.

Table 2. Simulation results obtained from CGA and other methods
using chaotic systems for benchmark functions.

Function GA PSO CGA
Mean 0.006 0.00005 0.0000
Min 0.0000 2.4433e-007 0.0000
Zakharov
Max 0.0501 3.5513e-004 0.0000
SD 5.9760e-04 3.7193 e-006 0.0000
Mean 8.8818e-016 0.00005 8.8818e-016
Min 8.8818e-016 2.4433e-007 8.8818e-016
Ackley
Max 8.8818e-016 3.5513e-004 8.8818e-016
SD 0.0000 3.7193 e-006 0.0000
Mean 0.0120 0.1958 0.0000
Min 0.0000 0.0128 0.0000
Rosenbrock
Max 0.2000 0.5138 0.0000
SD 0.0012 0.0091 0.0000
Mean 0.0000 0.00024 0.0000
Min 0.0000 5.2969¢-005 0.0000
Rastrigin
Max 0.0000 0.0134 0.0000
SD 0.0000 7.6349 e-004 0.0000
Mean 0.0000 0.00075 0.0000
Min 0.0000 3.5252e-006 0.0000
Griewank
Max 0.0000 0.007 0.0000
SD 0.0000 1.5463 e-05 0.0000

To further show the effectiveness of CGA, we carry
out comparison with several other methods, such as
Directed Search Simulated Annealing (DSSA) [11],
Directed Tabu Search (DTS) [12], COA [18], GA and
PSO. The results of these comparisons presented in
Table 3. From Table 2, it can be seen that CGA can
find global optima with small iteration numbers for
every function. Figure 4 shows the performance of the
CGA and GA for solving four functions. Obviously the
convergence speed of CGA is faster than the basic GA.

Table 3. Average number of iterations in CGA and other methods.

Method Zakharov Ackley Rosenbrock Rastrigin Griewank
DTS 473 1748 201 NA NA
DSSA 472 1058 863 252 1830
COA 495 347 925 NA NA
PSO 1229 1254 1311 1928 946
GA 410 340.4 353 382 367
CGA 334 318 315 304 302
Sphere Function
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a. Fitness value for CGA and GA on Sphere
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b. Fitness value for CGA and GA on Ackley
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c. Fitness value for CGA and GA on Ronsenbrock
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d. Fitness value for CGA and GA on Griewangk
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Figure 4. Fitness value for CGA and GA on 4 benchmark
functions.
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6. Conclusions

In this paper, we have used chaos theory instead
randomness in the standard GA. The proposed method
uses some chaotic systems, such as logistic map and
tent map; to generate chaotic variables each time a
random number is needed by the classical GA
algorithm to avoid local convergence. Simulation
results have shown that the proposed method can
perform significantly better than the basic GA. In
particular the number of iterations to find the global

optimized has been reduced. Similarly,

utilizing

chaotic sequences for many optimization algorithms
are inspired from biological systems such as PSO,
ACO and bee colony algorithm; have potential to
improve by combining of chaotic systems.

References

[1]

[4]

[8]

Abdullah A., Enayatifa R., and Lee M., “A
Hybrid GA and Chaotic Function Model for
Image Encryption,” Electronics and

Communication Journal, vol. 66, no. 10, pp. 806-
816 2012.

Alatas B., Akin E., and Ozer A., “Chaos
Embedded Particle = Swarm  Optimization
Algorithms,” Chaos Soliton and Fractals

Journal, vol. 40, no. 4, pp. 1715-1734, 2009.
Arena P., Caponetto R., Fortuna L., Rizzo A.,
and Rosa M., “Self-Organization in Non-
Recurrent Complex System,” Applied Sciences
and Engineering, vol. 10, no. 5, pp. 1115-1125,
2000.

Bucolo M., Caponetto R., Fortuna L., Frasca M.
and Rizzo A., “Does Chaos Work Better Than
Noise?,” IEEE Circuits and Systems Magazine,
vol. 2, no. 3, pp. 4-19, 2002.

Chen G., “Intelligent Adaptive Algorithm and its
Application,” IEEE International Conference on
ICIA, Shenzhen, Guangdong, pp. 163-166, 2011.
Cheng T., Wang C., Xu M., and Chau W.,
“Optimizing Hydropower Reservoir Operation
using Hybrid Genetic Algorithm and Chaos,”
Water Resources Management, vol. 22, no. 7, pp.
895-909, 2008.

Coello C. and Mpntes M., “Constraint Handling
in Genetic Algorithms Through the use of
Dominance Based Tournament Selection,”
Advanced Engineering Informatics Journal, vol.
16, no. 3, pp. 193-203, 2002.

Faraoun K., “Chaos-based Key Stream Generator
Based on Multiple Maps Combinations and its
Application to Images Encryption,” the
International Arab Journal of Information
Technology, vol. 7, no. 7, pp. 231-240, 2010.

Gao H., Zhang Y., Liang S., and Li A., “New
Chaotic Algorithm for Image Encryption,”

[11]

[13]

[14]

[16]

[20]

167

Chaos, Solitons and Fractals, vol. 29, no. 2, pp.
393-399, 2006.

Haufu D., Xiao-lu L., and Xue L., “An Improved
Genetic Algorithm for Combinatorial
Optimization,” in Proceedings of the IEEE
International Conference on Computer Science
and Automation Engineering, Shanghai, pp. 58-
61,2011.

Hedar A. and Fukushima M., “Hybrid Simulated
Annealing and Direct Search Method for
Nonlinear Unconstrained Global Optimization,”
Optimization Method and Software, vol. 17, no.
S, pp- 891-912, 2002.

Hedar A. and Fukushima M., “Tabu Search
Directed by Direct Search Methods for Nonlinear
Global Optimization,” European Journal of
Operational Research, vol. 170, no. 2, pp. 329-
349, 2006.

Heidari-Bateni G. and McGillem A., “Chaotic
Direct-sequence Spread Spectrum
Communication System,” IEEE Transaction on
Communication, vol. 42, no. 2, pp. 1524-1527,
1994.

Hwang S. and He R., “A Hybrid Real-Parameter
Genetic Algorithm for Function Optimization,”
Advanced Engineering Informatics Journal, vol.
20, no. 1, pp. 7-21, 2006.

Ishii S. and Sato M., “Constrained Neural
Approaches to Quadratic Assignment Problems,”
Neural Networks Journal, vol. 11, no. 6, pp.
1073-1082, 1998.

Juan L., Zi-xing C., and Jian-qin L., “A Novel
Genetic ~ Algorithm  Preventing  Premature
Convergence by Chaos Operator,” the Journal of
Central South University of Technology, vol. 7,
no. 2, pp. 100-103, 2000.

Kirkpatrick S., Gelatt D., and Vecchi P.,
“Optimization by Simulated Annealing,” Science
Journal, vol. 220, no. 4598, pp. 671-680, 1983.
Kuo J. and Lin M., “Application of a Hybrid of
Genetic  Algorithm and Particle Swarm
Optimization Algorithm for Order Clustering,”
Decision Support Systems Journal, vol. 49, no. 4,
pp. 451- 462, 2010.

Li B. and Jiang W., “Optimizing Complex
Functions by Chaos Search,” Cybernetics and
System Journal, vol. 29, no. 4, pp. 409-419,
1998.

Li H. and Wang Y., “Double-Image Encryption
Based on Discrete Fractional Random Transform
and Chaotic Maps,” Optics and Lasers in
Engineering Journal, vol. 49, no. 7, pp. 753-757,
2011.

Li M., Du W., and Yuan L., “Feature Selection of
Face Recognition Based on Improved Chaos
Genetic Algorithm,” in Proceedings of the 3"
International ~ Symposium  on  Electronic



168

[23]

[24]

[27]

[28]

[31]

[34]

The International Arab Journal of Information Technology, Vol. 12, No. 2, March 2015

Commerce and Security, Guangzhou, pp. 74-78,
2010.

Li S., Chen G., and Zheng X., Chaos-based
Encryption for Digital Images and Videos,
Multimedia Security Handbook, Internet and
Communications Series, vol. 4, CRC Press, USA,
2004.

Lorenz N., “Deterministic Non Periodic Flow,”
AMS Journal, vol. 20, no. 2, pp. 130-141, 1963.
Manganaro G. and Pineda J., “DNA Computing
Based on Chaos,” in Proceedings of the IEEE
International  Conference on  Evolutionary
Computation, Indianapolis, pp. 255-60, 1997.
May M., “Simple Mathematical Models with
Very Complicated Dynamics,” Nature, vol. 261,
no. 5560, pp. 459-467, 1976.

Patalia P. and Kulkani R., “Behavioral Analysis
of  Genetic  Algorithm  for  Function
Optimization,” in Proceedings of the IEEE
International Conference on ICCIC, Coimbatore,
pp. 1-5, 2010.

Peitgen H., Jurgens H., and Saupe D., Chaos and
Fractals, Springer-Verlag, Berlin, Germany,
1992.

Price L., “Global Optimization by Controlled
Random Search,” Computer Journal, vol. 20, no.
4, pp. 367-370, 1977.

Rao S., Engineering Optimization: Theory and
Practice, Wiley, NY, USA, 2003.

Shengsong L., Min W., and Zhijian H., “Hybrid
Algorithm of Chaos Optimization and SLP for
Optimal Power Flow Problems with Multimodal
Characteristic,” in  Proceedings of IEEE
Generation, Transmission and Distribution, pp.
543-547, 2003.

Suneel M., “Chaotic Sequences for Secure
CDMA,” available at:
http://arxiv.org/ftp/nlin/papers/0602/0602018.pdf,
last visited 2006.

Tan D., “Application of Chaotic Particle Swarm
Optimization Algorithm in Chines Documents
Classification,” in  Proceedings of IEEE
International Conference on Granular
Computing, CA, USA, pp. 763-766, 2010.

Tang K., Sun T., and Yang J., “An Improved
Genetic Algorithm based on A Novel Strategy
for  Nonlinear = Programming  Problems,”
Computers and Chemical Journal, vol. 35, pp.
615-621, 2011.

Wang J. and Wang X., “A Global Control of
Polynomial Chaotic Systems,” [International
Journal of Control, vol. 72, no. 10, pp. 911-918,
1999.

Wang L., Zheng Z., and Lin S., “Survey on
Chaotic Optimization Methods,” Computing
Technology and Automation Journal, vol. 20, no.
1, pp. 1-5,2001.

[36] Wang Y. and Yoo M., “A New Hybrid Genetic
Algorithm Based on Chaos and PSO,” in
Proceedings of the IEEE International
Conference on ICIS, Shanghai, China, pp. 699-
703, 20009.

[37] Wong K., Man P., Li S., and Liao X., “More
Secure Chaotic Cryptographic Scheme Based on
Dynamic Look-up Table Circuits,” System Signal
Process Journal, vol. 24, no. 5, pp. 571-84, 2005.

[38] Ye F., Haiyang Y., and Xueshou J., “An
Improved Constrained Optimization Genetic
Algorithm,”  in  Proceedings of IEEE
International Conference on ICIS, Xiamen,
China, pp. 435-439, 2010.

Mohammad Javidi received his
PhD degree in applied mathematics
from the Shahid Bahonar University
of Kerman, Iran in 2008. He is
currently assistant professor at the
Department of Computer Science in
Shahid Bahonar University of
Kerman, Iran. He has published about 30 research
papers in International Journals and Conference
Proceedings. His main areas of interest are artificial
intelligence, electronic commerce, computer networks.

Roghiyeh HosseinpourFard
received the BS degree in computer
science  from  Payame  Noor
university of Hashtrood in 2008, and
received the MSc degree form
Shahid Bahonar University of
Kerman in artificial intelligence
research interests are evolutionary

2012.
computation and application of chaos theory.

Her



