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ABSTRACT

Genetic algorithm (GA) is an algorithm used to find approximate solutions to difficult-to-solve problems through application of the principles of evolutionary biology to computer science. In this paper we discuss the ongoing research in the area of Genetic Algorithms which are based on the evolutionary ideas of natural selection and genetic. The basic concept of GA’s is designed to simulate processes in natural system necessary for evolution as laid down by Charles Darwin’s theory of survival of the fittest.

In our presentation we have thrown light on the fact that GA’s are an intelligent exploitation of a random search within a defined search space to solve a problem. Genetic algorithms are typically implemented as a computer simulation in which a population of abstract representations (called chromosomes) of candidate solutions (called individuals) to an optimization problem evolves toward better solutions. Traditionally, solutions are represented in binary as strings of 0s and 1s, but different encodings are also possible.

In this paper we have also discussed the basic features, advantages and disadvantages of the use of GA. Implementation of GA’s as a number of different things like problem solving, challenging technical puzzle, component machine learning etc are also discussed. We have also shown that GA’s are ideal for many real world problems. GA’s are a boon to the human race as a tool for protein designing having therapeutic effects.

GENETIC ALGORITHM

What is Genetic Algorithm?
Genetic algorithm (GA) is an algorithm used to find approximate solutions to difficult-to-solve problems through application of the principles of evolutionary biology to computer science. Genetic algorithms use biologically-derived techniques such as inheritance, mutation, natural selection, and recombination (or crossover). Genetic algorithms are a particular class of evolutionary algorithms. Genetic algorithms (GA) are evolutionary optimization approaches which are an alternative to traditional optimization methods. GA is most appropriate for complex non-linear models where location of the global optimum is a difficult task. It may be possible to use GA techniques to consider problems which may not be modeled as accurately using other approaches. Therefore, GA appears to be a potentially useful approach.
History of GA’s
· Evolutionary computing evolved in the 1960’s.
· GA’s were created by John Holland in the mid-70’s
A Typical GA
· Random ‘guesses’ of the solution to the problem – An initial population.
· A means of calculating how good a guess solution is – A fitness function.
· A method of mixing good solutions to produce better ones – Crossover.
· An operator to introduce diversity within the population – Mutation.
GA Terminology
Chromosome / Genome

String of characters
Gene




Characters used (e.g. binary)

Allele




1 or 0 (for binary)

Locus




Position of gene in string

Phenotype / Organism

            Candidate solution

Generation



Iteration

Why is genetic algorithm required?
The development and use of optimization models is well established. However, the use of many models has been restricted in some fields of economic analysis where the problem is large in size and there are a large number of non-linear interactions. In most cases, the use of linear approximations or simplification of the model has been necessary in order to derive a solution. In fact, there are many ways to view genetic algorithms. Perhaps most users come to GAs looking for a problem solver, but this is a restrictive view. 
Development of Genetic Algorithms
Several independent researchers were studying the idea that evolution could be used as an optimization tool for engineering problems in 1950/60s. The idea behind it all was to evolve solutions to problems by using natural means based on survival of the fittest. Rechenberg introduced evolutionary strategies in the mid 60s. He used to optimize real-valued parameters for hardware devices. Owens, Fogel and Walsh developed evolutionary programming, a technique used where candidate solutions to problems or tasks were represented as finite-state machines which were evolved by randomly mutating their state-transition diagrams and then selecting the fittest. Together with genetic algorithms, these three areas form the backbone of evolutionary computation.
In recent years, there was been widespread interaction among researchers from varied evolution-based studies and as a result, we find some breakdown in the boundaries that define and separate the fields of genetic algorithms, evolution strategies, and evolutionary programming. Often, the term - genetic algorithm - is used to describe something very different from what was originally defined. GA’s differs from conventional optimization/search procedures in that:
1.) They work with a coding of the parameter set, not the parameters themselves.
2.) They search from a population of points in the problem domain, not a singular point.
3.) They use payoff information as the objective function rather than derivatives of the         
problem or auxiliary knowledge.
4.) They utilize probabilistic transition rules based on fitness rather than deterministic  
one.
When we should use Genetic Algorithm?
GA’s are especially badly suited for problems where efficient ways of solving them are already known unless these problems are intended to serve as benchmarks. Special purpose algorithms, i.e. algorithms that have a certain amount of problem domain knowledge hard coded into them, will usually outperform GA’s, so there is no black magic in evolutionary computation. GA’s should be used when there is no other known efficient problem solving strategy, and the problem domain is NP-complete. GA’s come into play, heuristically finding solutions where all else fails or when you have a noisy search space.
Who can benefit from GA?
Nearly everyone can gain benefits from Genetic Algorithms, once he can encode solutions of a given problem to chromosomes in GA, and compare the relative performance (fitness) of solutions. An effective GA representation and meaningful fitness evaluation are the keys of the success in GA applications. The appeal of GA’s comes from their simplicity and elegance as robust search algorithms as well as from their power to discover good solutions rapidly for difficult high-dimensional problems. GA’s are useful and efficient when the search space is large, complex or poorly understood. 
Applications of Genetic Algorithms
GA on optimization and planning: 
The TSP is interesting not only from a theoretical point of view, many practical applications can be modeled as a traveling salesman problem or as variants of it, for example, pen movement of a plotter, drilling of printed circuit boards (PCB), real-world routing of school buses, airlines, delivery trucks and postal carriers. Researchers have tracked TSPs to study bimolecular pathways, to route a computer networks’ parallel processing, to advance cryptography, to determine the order of thousands of exposures needed in X-ray crystallography and to determine routes searching for forest fires (which is a multiple-salesman problem partitioned into single TSPs). Therefore, there is a tremendous need for algorithms. 
In the last two decades an enormous progress has been made with respect to solving traveling salesman problems to optimality which, of course, is the ultimate goal of every researcher. One of landmarks in the search for optimal solutions is a 3038-city problem. This progress is only party due to the increasing hardware power of computers. Above all, it was made possible by the development of mathematical theory and of efficient algorithms. 
Evolutionary Divide and Conquer (EDAC)
This approach, EDAC [Valenzuela 1995], has potential for any search problem in which knowledge of good solutions for sub problems can be exploited to improve the solution of the problem itself. The idea is to use the Genetic Algorithm to explore the space of problem subdivisions rather than the space of solutions themselves, and thus capitalizes on the near linear scaling qualities generally inherent in the divide and conquers approach. 
The basic mechanisms for dissecting a TSP into sub problems, solving the sub problems and then patching the sub tours together to form a global tour, have been obtained from the cellular dissection algorithms of Richard Karp. Although solution quality tends to be rather poor, Karp‘s algorithms possess an attractively simple geometrical approach to dissection, and offer reasonable guarantees of performance. Moreover, EDAC approach is intrinsically parallel. The EDAC approach has lifted the application of GAs to TSP an order or magnitude larger in terms of problem sizes than permutation representations. Experimental results demonstrate the successful properties for EDAC on uniform random points and PCB problems in the range 500 - 5000 cities. 
Finance Applications
Models for tactical asset allocation and international equity strategies have been improved with the use of GAs. They report an 82% improvement in cumulative portfolio value over a passive benchmark model and a 48% improvement over a non-GA model designed to improve over the passive benchmark. Genetic algorithms are particularly well-suited for financial modeling applications for three reasons: 
1.) They are payoff driven. Payoffs can be improvements in predictive power or returns       over a benchmark. There is an excellent match between the tools and the problems addressed.

2.) They are inherently quantitative, and well-suited to parameter optimization (unlike most symbolic machine learning techniques.

3.) They are robust, allowing a wide variety of extensions and constraints that cannot be accommodated in traditional methods.
Information Systems Applications
Distributed computer network topologies are designed by a GA, using three different objective functions to optimize network reliability parameters, namely diameter, average distance, and computer network reliability. The GA has successfully designed networks with 100 orders of nodes. GA has also been used to determine file allocation for a distributed system. The objective is to maximize the programs’ abilities to reference the file s located on remote nodes. The problem is solved with the following three different constraint sets: 
1.) There is exactly one copy of each file to be distributed.
2.) There may be any number of copies of each file subject to a finite memory constraint
at each node.
3.) The number of copies and the amount of memory are both limited. 
Production/Operation Applications
Genetic Algorithm has been used to schedule jobs in a sequence dependent setup environment for a minimal total tardiness. All jobs are scheduled on a single machine; each job has a processing time and a due date. The setup time of each job is dependent upon the job which immediately precedes it. The GA is able to find good, but not necessarily optimal schedules, fairly quickly. 
GA is also used to schedule jobs in non-sequence dependent setup environment. The jobs are scheduled on one machine with the objective of minimizing the total generally weighted penalty for earliness or tardiness from the jobs’ due dates. However, this does not guarantee that it will generate optimal solutions for all schedules. 
GA is developed for solving the machine-component grouping problem required for cellular manufacturing systems. GA provides a collection of satisfactory solutions for a two objective environment (minimizing cell load variation and minimizing volume of inter cell movement), allowing the decision maker to then select the best alternative. 
Role in Decision Making: 
Applying the well established decision processing phase model of Simon (1960), Genetic Algorithms appear to be very well suited for supporting the design and choice phases of decision making. 
In solving a single objective problem, GA designs many solutions until no further improvement (no increase in fitness) can be achieved or some predetermined number of generations has evolved or when the allotted processing time is complete. The fit solution in the final generation is the one that maximizes or minimizes the objective (fitness) function; this solution can be thought of as the GA has recommended choice. 
Therefore with single objective problems the user of GA is assisted in the choice phase of decision processing. When solving multi-objective problems, GA gives out many satisfactory solutions in terms of the objectives, and then allows the decision maker to select the best alternative. Therefore GAs assist with the design phase of decision processing with multi-objective problems. 
GA’s can be of great assistance for examining alternatives since they are designed to evaluate existing potential solutions as well to generate new (and better) solutions for evaluation. Thus GAs can improve the quality of decision making. 
Learning Robot behavior using Genetic Algorithms
Robot has become  such a prominent tools that it has increasingly taken a more important role in many different industries. As such, it has to operate with great efficiency and accuracy. This may not sound very difficult if the environment in which the robot operates remain unchanged, since the behaviours of the robot could be pre-programmed. However, if the environment is ever-changing, it gets extremely difficult, if not impossible, for programmers to figure out every possible behaviors of the robot. Applying robot in a changing environment is not only inevitable in modern technology, but is also becoming more frequent. This has obviously led to the development of a learning robot. 
The approach to learning behaviours, which lead the robot to its goal, described here reflects a particular methodology for learning via simulation model. The motivation is that making mistakes on real system can be costly and dangerous. In addition, time constraints may limit the extent of learning in real world. Since learning requires experimenting with behaviours that might occasionally produce undesirable results if applied to real world. Therefore, as shown in the diagram, the current best behaviour can be place in the real, on-line system, while learning continues in the off-line system. 
DRAWBACKS OF GENETIC ALGORITHM:
A drawback of any evolutionary algorithm is that a solution is “better” only in comparison to other, presently known solutions; such an algorithm actually has no concept of an “optimal solution,” or any way to test whether a solution is optimal. For this reason, evolutionary algorithms are best employed on problems where it is difficult or impossible to test for optimality. Genetic algorithms are not guaranteed to converge to the proper solution to a problem. There success is governed by a logarithmic formula based on the probability of randomly producing a perfect individual. This is not usually a reason for much concern. Genetic algorithms still generally converge more often than Neural Networks or at least with less difficulty.
IMPACT OF GA ON MANKIND
· Analysis of Proteomic Pattern Data for Cancer Detection.
· GA used in finding shape of proteins, an important problem in biochemistry.
· Genetic Algorithm for the Sequencing by Hybridization Problem.
· Designing new proteins having therapeutic properties.
· Optimization and planning in providing various solutions. 
CONCLUSION:
In this paper we have thrown light on the fact that genetic algorithm is superior algorithm for the optimization of solution. GA is most suitable for complex non-linear models where location of the global optimum is a difficult task. It has its applications in biological fields which is quite fruitful for the human race. Genetic algorithm sorts out the probable solution rather than providing the solution or we can say it increases the ease to approach the solution of a particular problem.Future of genetic algorithm would be dazzling as it has got application in field likes robotics, proteins structure detection, decision making and fields related to machine learning.
