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ABSTRACT

Evolutionary computing has facilitated numerous real life applications. Genetic Algorithms
are one of the pioneer method that works on principle of natural genetics to provide search
and optimization facility. Apart from search and optimization, Genetic Algorithm provides
evolutionary characteristics and hybridization with fuzzy logic and neural network. The
paper explains general structure of Genetic Algorithm along with advantages of Genetic
Algorithm. The paper represents multiple roles offered by Genetic Algorithm. It explains
role of Genetic Algorithm in search process. Multiple stages of searching solution are
represented. The paper explains evolving nature of Genetic Algorithm. The paper also
explains advantages of Genetic Algorithm over traditional optimization methods. Genetic
Algorithm has been successful in developing numerous applications which includes
machine learning and robotics, global and multi-objective optimization, classification,
mathematical modeling, engineering and many more. The paper has significantly explains
various roles presented by Genetic Algorithms by contributing to the development of
evolutionary and intelligent hybrid systems.
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1. INTRODUCTION

Genetic Algorithms are popular and robust search algorithm based on
principle of natural genetics. Apart from search characteristics, Genetic
Algorithm provides quality of optimization, hybridization and parallel
processing. Genetic Algorithms are widely used in engineering, scientific as
well as business applications. They are successfully applied to the problems
which are difficult to solve using conventional techniques such as machine
learning and optimization. The paper spreads advantages of Genetic
Algorithm. Genetic Algorithm owns several roles in designing different
applications. This role includes search, optimization, evolution and
hybridization. Soft Computing techniques are integrated techniques to find
solutions for the problems which are highly complex, ill- defined and
difficult to model. Genetic Algorithm is capable to handle such problems.
There are numerous applications developed using Genetic Algorithms. The
second section of the paper explains working of Genetic Algorithm. The
general structure of Genetic Algorithm is presented and explained. The third
section briefly discusses advantages of Genetic Algorithms. The fourth
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section represents multiple roles associated with Genetic Algorithms. These
roles include search capabilities, evolving capabilities, optimization and
hybridization. The paper explains various roles provided by Genetic
Algorithm. Comparison provided by traditional optimization algorithm and
Genetic Algorithm is presented. The role of Genetic Algorithm is explained
for hybridization with neural network and fuzzy logic. The final section of
the paper justifies significance of multiple roles of Genetic Algorithm by
providing summery of applications developed so far using Genetic
Algorithm.

2. GENETIC ALGORITHM

In recent years, cognitive systems have gained prominence by implementing
evolutionary approach to the computational modeling. The evolutionary
computation is best suited to following types of computational problems
that require following [1]: search through many possibilities to find a
solution, large search space. Parallel approaches are highly suitable for such
problems, an adaptive algorithm.

Genetic Algorithm is an evolutionary-based search or optimization
techniques that performs parallel, stochastic, but direct search method to
evolve the best solution. The area of GA has been traversed by three
prominent researchers namely Fraser in 1962, Bremermann in 1962 and
Holland in 1975 [2,3,4]. Genetic Algorithms are pioneered by John Holland
in 1970’s [5]. Genetic Algorithms are based on principle of natural
evolution which is popularly known as “Darwinian Evolution”.

GA is a population based search algorithm which consists of several
components.

e Population of chromosome- Population of chromosome is basically
problem representation using encoding schemes.

e Fitness evaluation: A fitness score is allocated to each solution. The
individual with the optimal fitness score is required to be found.

e Genetic operations: The entire population evolves towards better
candidate solutions via the selection operations and genetic operators
such as crossover mutation and selection.

e Crossover and Mutation: These operators are responsible to generate
new solutions.

e Selection: It is responsible to select parent chromosome from available
chromosome. These parent chromosomes will be processed further to
generate new children chromosomes.
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Figure 1: General Structure of Genetic Algorithm

The general structure of GA is represented using Figure 1.Better solutions
will work as next generation parents whereas least fit solution will die out
over successive generations. Eventually, once the population has converged
and not produced offspring which are different than previous generations’
off-springs, the algorithm itself is said to have converged to a set of
solutions to the problem at hand.

3. ADVANTAGES

Genetic Algorithms are widely used in engineering, scientific as well as
business applications. They are successfully applied to the problems which
are difficult to solve using conventional techniques such as machine
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learning and optimization. The major benefit of GA is that it can be used to
find optimized values from large search space as well as makes system able
to learn. It is observed that GA provides following major advantages [6, 7]:

GA can be easily interfaced to obtainable simulations and models;
GA is easy to hybridize and easy to understand,;

GA uses little problem specific code;

GA is modular, separate from application;

GA is capable to obtain answers always and gets better with time;
GA is inherently parallel and easily distributed;

GA optimizes with continuous or discrete variables;

GA deals with a large number of variables;

GA provides a list of optimal variables, not just a single solution;
GA encode the variables so that the optimization is done with the
encoded variables; and

GA works with numerically generated data, experimental data, or
analytical functions.

YV VVVVVVVVVY

Genetic Algorithms become highly popular in the designing hybrid
intelligent systems and evolutionary systems. In the field of robotics,
Genetic Algorithms have been proven highly successful.

4. MULTIPLE ROLES OF GENETIC ALGORITHM

Compared to traditional search algorithm, Genetic Algorithm plays multiple
roles. These roles include robust search process, evolutionary
characteristics, quality of providing optimization and quality for providing
hybridization with other constituents of soft computing. Due to
aforementioned roles, GA is highly successful in solving real life
applications. The major application areas such as combinatorial search,
intelligent system design, machine learning, and evolutionary robotics have
been gaining proficient results due to capabilities of Genetic Algorithm.

4.1 Role of GA in Search

GA does not require any problem specific knowledge of the search space
because strings are evaluated with fitness quality and hence search is made
possible through the strings which are basically constituents of its structure.
Figure 2 shows process of searching solutions through fitness measures.
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Figure 2: Search Solutions through Fitness Measure

This type of search has capability to move towards multiple directions.
Here, the fitness is measured at one point of time and at the same time
population can be evolved also to next generation. This way parallel
processing is possible. Hence, GA is highly successful in providing
solutions for parallel processing problems.

4.2 Role of GA in Evolving Solutions

The area of evolutionary computation includes the study of the foundations
and the applications of computational techniques based on the principles of
natural evolution. Basically, evolutionary techniques can be considered as
either as search methods, or as optimization techniques [8]. There exist a
number of evolutionary techniques whose main similarity is the use of a
population of random or pseudo-randomly generated solutions to a problem.
A number of operators are applied to the individuals of the current
population to generate the individuals for the next generation population at
each of the iteration. Usually, Genetic Algorithm use an operator called
recombination or crossover to recombine two or more individuals to
produce new individuals. Mutation or modification operators are used to
create a self-adaptation of individuals. In order to select chromosome
(parents) who will generate children chromosomes in next generations,
selection process is designed.

The main categories of selection methods are as follows [9]:
Artificial selection: A selection process is designed such a way that it can
retain or eliminate specific features according to a goal.

Natural selection: According to natural phenomena, the individual who
possesses better existence qualities is able to survive for a longer period of
time. In such cases, better children can be reproduced with genetic material.
A selection process is similar to the Darwinian Theory of biological
evolution. In natural selection process, there is no actor who does the
selection. The selection is purely automatic or spontaneous without any

ISSN: 1694-2108 | Vol. 9, No. 1. JANUARY 2014



International Journal of Computer Science and Business Informatics

S
IJCSBLORG

predefined logic. Genetic Algorithm simulates process of natural selection.
Figure 3 represents steps of natural selection process.

Representation of Data Structure of |:> Se'eg?ggrﬂfﬁcess
Chromosomes Individual Chromosome

Figure 3: Steps of Simulating Natural Selection Process
4.3 Role of GA in Optimization

Optimization is the process of finding decisions that satisfy given
constraints, and meet a specific outcome in terms of its optimal value.
Traditional methods of optimization include both gradient based as well as
direct search techniques. Being one of the prominent representatives of
evolutionary computation, Genetic Algorithm satisfies the requirement
providing optimum solution. The objective of global optimization is to find
the "best possible” solution in nonlinear decision models that frequently
have a number of sub-optimal (local) solutions [10]. In the absence of
global optimization methods, feasible solutions are only the solutions. There
are significant differences observed between GA and most of the traditional
optimization algorithms as summarized by [11,12,13,14]:

e Traditional optimization method uses single point approach while GA
uses a population of multiple points at single run;

e In traditional optimization, convergence to an optimal solution
depends on the chosen initial solution while in GA, due to randomness
, initial solution is always different;

e A classical algorithm is efficient in solving one problem but the same
may not be efficient in solving a different problem while GA is
generic in nature for similar types of objective functions;

e GA converts design space into genetic space;

e GA works with coding of parameter set rather than actual value of
parameters;

e A traditional algorithm may not be efficient to handle problems with
discrete variables or highly non-linear variables with constraints while
GA can be robustly applied to problems with any kinds of objective
functions, such as nonlinear or step functions; because only values of
the objective function for optimization are used to select genes;

e Traditional algorithm can stuck at suboptimal solutions while GA can
have less chance to be trapped by local optima due to characteristics of
crossover and mutation operators; and

e GA uses stochastic reproduction schemes rather that deterministic
ones.
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The working of Genetic Algorithms for optimum solution is shown in
Figure 4. Due to its random nature, the Genetic Algorithm improves the
chances of finding a global solution [14]. Quite often, several applications
require several contradicting criterions to be satisfied simultaneously. These
problems are known as multi-objective optimization. Often those criterions
are contradicting and cannot have optimum at the same time, thus
improving the value one-criterion means getting worst values for another
[15]. Genetic Algorithms are capable to solve problems of multi-objective
optimization.

Searching for
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Equation GA Solutions
= Model —
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Figure 4: Working of GA for Optimum Solutions

4.4 Role of GA in Hybridization

Soft Computing (SC) is not merely a clearly defined field but also a
discipline that deals with hybrid intelligent systems [16]. SC techniques are
integrated techniques to find solutions for the problems which are highly
complex, ill- defined and difficult to model. The family of soft computing is
constructed using four prime techniques: namely Fuzzy Logic (FL),
Evolutionary Computation (EC), Neural Networks (NN) and Probabilistic
Reasoning (PR). Each method is capable of providing distinguished as well
as sharable advantages and obviously carries certain weaknesses also. They
are considered complementary rather than competitive as desirable features
lacking in one approach are present in another. Recent years have
contributed to large number of new hybrid evolutionary systems. There are
several ways to hybridize a conventional evolutionary algorithm for solving
optimization problems. Evolutionary computing is based on Evolutionary
Algorithms (EA). Genetic Algorithms being one of the prominent types of
EA were not specifically designed as machine learning techniques like other
approaches such as neural networks but have been successfully applied to
many search, combinatorial and optimization problems. However, it is well
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known that a learning task can be modeled as an optimization problem, and
thus can be solved through evolution which is efficiently offered by EA
[17].However, one of the significant limitations of GA; shown in the Table
1 is an inability of storing and handling imprecision. In order to remove
these limitations hybridization of GA with Fuzzy Logic and hybridization of
GA with Neural Network is required respectively.

Table 1: Advantages and Limitations of Constituents of SC

Constituents Advantages Limitations
of SC

GA Natural evolution and Inability of storing and
optimization handling imprecision

FL Approximate reasoning, | Inability of learning
imprecision

NN Learning and implicit Inability for optimization
knowledge
representation

PR Uncertainty Inability of learning

+ GA-FL Hybridization

In order to have learning and dealing with imprecise knowledge handling,
GA is hybridized with FL. This is popularly known as Genetic-Fuzzy
Hybridization. GA is able to encode and to evolve rule antecedent
aggregation operators, different rule semantics, rule- based aggregation
operators and de-fuzzification methods [18]. Hence, it is considered as
knowledge acquisition scheme. Due to the mentioned qualities optimization
of Fuzzy Rule Based Systems (FRBSs) is made possible. These optimized
Fuzzy Rule Based Systems are capable to design decisions regarding the
characteristics and performance measure [19].

+ GA-NN Hybridization

GA has been integrated with Neural Network to develop Genetic-Neural

systems. In this type of hybridization, Genetic Algorithms are used to

improve performance of Neural Networks. Several important applications

have been developed using this type of hybrid structures. This type of

hybridization includes following ways of designing Genetic-Neural systems

[20]:

» GA based tuning of connecting weights, bias values and other
parameters.

» GA based tuning of neural network topologies.

» GA based preprocessing of data and interpretation of the output of NN.
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+ GA-PR Hybridization

The aim of a probabilistic logic (also probability logic and probabilistic
reasoning) is to combine the capacity of probability theoryto handle
uncertainty with the capacity of deductive logicto exploit structure.
Integration of Genetic Algorithm with Probabilistic Reasoning (PR) has not
been widely popular so far. Bayesian Network is the most popular approach
of PR. In order to find optimal structure of Bayesian network for a given
database of training cases, GA is utilized. Bayesian optimization algorithms
are designed with help of GA-PR hybridization [18].

5. LITERATURE REVIEW OF APPLICATIONS USING GA

As a result of extensive literature survey; it has been observed that GA has
been  successfully applied to real life application areas
[14,18,21,22,23,24,25,26,27,28, 29,30,31,32,33,34,35]. The summarized
information of major applications developed using implementation of
Genetic-Algorithm is represented in Table 2.

Table 2: Summarizing Major Applications of Genetic Algorithm

Application Example of Applications
Domain
Global e Travelling Salesperson Problems consists of
Optimization following:
¢ Ex. routing of school buses, airlines, trucks, postal
carriers
Prediction e Weather Forecasting, Financial Forecasting,
o Marketing & Sales
Scheduling o Effective Distribution of Resources, Examples:
Problems Timetabling problems, railway scheduling problems

¢ Job shop Scheduling problems

Machine Learning | e Classification problems

¢ Automated knowledge acquisition problems
e Example based learning algorithms

e Learning Robot Behavior

Multi-Objective ¢ Decision making problems in transportation
Optimization planning and management

Engineering e Designing intrusion detection in network, mobile
Problems telecommunication networks, etc.

¢ Applications in Mechanics, hydrodynamics,
aeronautics, etc.

Dynamic Data | e Continuous Analysis of event such as change in
Analysis stock prices, fashion industry, and any other real
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application
Classification e Text Mining, information retrieval, Rule
Discovery
Computer Games ¢ Real time computer games
Automation e In Object Oriented Software Engineering, unit test

cases are generated automatically
e Computer automated design

Mathematical e Graph coloring problems, artificial vision system
Modeling
Hybrid Systems e Evolutionary—fuzzy system for robotics, decision

making, medical diagnostic system
¢ Neural-Genetic-Fuzzy Modeling for control

system
Media e Applications of media segmentation includes
Segmentation image, video, and music segmentation

Some of the major applications from Table 2 are explained as under:

+ GAs has been successful in achieving solutions for the variety of
scheduling problems which need to deal with effective distribution of
resources. During the scheduling process many constraints have to be
considered [22]. Genetic Algorithm has been also used to solve the train
timetabling problem. The railway scheduling problem considered in this
work implies the optimization of trains on a railway line that is occupied
(or not) by other trains with fixed timetables. The timetable for the new
trains is obtained with a Genetic Algorithm (GA) that includes a guided
process to build the initial population [23].

+ In the engineering of mobile telecommunication networks, two major
problems can occur in the design of the network and the frequency
assignment. The design of telecommunication network is of the type of
multi-objective constrained combinatorial optimization problem. In
order to achieve this type of optimization, GA is proposed to increase
the speed of the search process; the GA is implemented parallel on a
network of workstations [28].

+ Genetic Algorithms are designed to play real-time computer strategy
games. Unknown and non-linear search space can be explored using GA
and spatial decision making strategies and population have been
implemented within the individuals of a Genetic Algorithm [31].

Genetic Algorithm has been proven highly successful in large number of
application areas. In order to make GA more effective and efficient, robust
fitness function and effective crossover operator should be designed. GA
has been providing significant advantages searching, optimization and
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evolution. The most promising research area is Genetic Algorithm based
hybrid systems. Hybridization of genetic algorithms have contributed a lot
in designing intelligent systems, robotics, evolutionary systems, machine
learning systems, etc. The solutions provided by Genetic Algorithms are
very rapid, reliable and precise.

6. CONCLUSION

The paper explains Genetic Algorithm and its working characteristics.
Various advantages of Genetic Algorithm are presented. Genetic
Algorithms possesses several important features such as evolution, search,
optimization and hybridization. The paper explains multiple roles of
Genetic Algorithms. One of the major beneficial characteristics of Genetic
Algorithm is to implement efficient search process compared to traditional
search algorithms. Genetic Algorithms are capable to simulate process of
natural evolution. The various steps of natural evolution are presented in
this paper. Genetic Algorithm plays extremely important role in providing
global optimization. The paper explains how Genetic Algorithm is utilized
for achieving optimized outcome compared to traditional optimization
methods. This paper presents advantages and limitations of major
constituents of soft computing family i.e. Genetic Algorithm, fuzzy logic,
neural network and probabilistic reasoning. Being one of the important
constituents of Soft Computing, Genetic Algorithm is greatly advantages in
designing hybrid intelligent systems. The hybrid systems have strength of
each of the technique used in designing the systems. The paper highlights
importance of Genetic-Fuzzy System, Genetic-Neural system, Genetic-
Bayesian system. The literature survey of the applications developed so far
using implementation of Genetic Algorithm includes significant real world
applications. Thus, the paper justifies significance of varied roles of Genetic
Algorithm by providing summery of applications developed so far using
Genetic Algorithm. It also outlines future trends and research direction of
Genetic Algorithms.
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