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Abstract 

Artificial neural networks (ANNs) are known as “computational models” with discrete characteristics such as the 

ability to learn, to organize the data. Artificial Neural Network has self-adaptive process and capability to learn 

complex, nonlinear surfaces, so it becomes a popular choice for many pattern recognition and machine intelligence 

applications. This paper explains how we can optimize artificial neural network using Evolutionary algorithms. It 

briefly introduces the basic principle of artificial neural network and evolutionary algorithms with their advantages 

and disadvantages. It explains the advantages of using evolutionary algorithms to optimize artificial neural network. 

Neuroevolution is an efficient approach to finding reinforcement learning issues, and is most typically applied in 

evolutionary AI and artificial life. Evolutionary Computation (EC), and in particular Genetic Algorithms, contain 

many qualities that can enhance exploration by opening the search process beyond the focus of finding a single 

"best" solution. 

We briefly introduce the basic theories and algorithms for optimizing the weights, network structure, learning rules. 
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1. Introduction 

 
Neuroevolution may be a machine learning technique that applies evolutionary algorithms to construct artificial 

neural networks, taking influence from the development of biological nervous systems.  

Compared to different neural network learning ways, neuroevolution is very common; it permits learning while not 

specific targets, with entirely thin feedback, and with absolute neural models and network structures.  

 

1.1 Artificial Neural Networks  
ANNs are relatively crude electronic models based on the neural structure of the brain. The biological nervous 

system learns from experience. It is natural proof that some problems that are beyond the scope of 

current computers are actually solvable by small energy efficient packages.  
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1.2 Evolutionary algorithm 
EA is an umbrella term used to describe computer-based problem solving systems which use computational models 

of evolutionary   processes   as   key elements in their design and implementation.   

A number of evolutionary algorithms have been proposed.  

The major ones are: 

Genetic algorithms   

Evolutionary programming  

Classifier systems and 

Genetic programming  

They all share a common concept of simulating the development of individual structures by processes of selection, 

mutation, and reproduction.  

The processes depend on the recognized performance of the individual structures as defined by an environment. 

EAs maintain a population of structures, that evolve according to  rules  of  selection  and  other  operators,  that  are 

called as  "search operators", such as recombination  and  mutation.  

 

2. Neuroevolution and Artificial Intelligence 

 
The real advantage of neuroevolution is what it brings to the development of Artificial Intelligence. In the past, 

computer scientists working on AI would design an algorithm that would exhibit intelligent behavior, and then 

tweak that algorithm’s parameters until it exhibited “optimal” intelligent behavior. The AI designed by them either 

worked or it didn’t, and often their results didn’t guide us much about how human brains work. 

ANNs are adaptive nonlinear information processing systems which combine numerous processing units with a 

series of characteristics such as self-adapting, self-organizing and real time learning. 

 

3. What is Neuroevolution? 

 
Neuroevolution may be a type of machine learning that uses evolutionary algorithms to coach artificial neural 

networks. it's helpful for applications like games and mechanism control, wherever it's straight forward to live a 

network’s performance at a task however troublesome or not possible to make a program of correct input-output 

pairs to be used with a supervised learning rule. 

 

3.1 What will all that mean? 
The goal of neuroevolution is to evolve a artificial brain with a genetic rule to resolve a particular task. The artificial 

brain, often known as the artificial neural network, is meant supported our understanding of however biological 

brains work. 

 

The genetic rule then emulates the method of evolution: 

Fitness evaluation: each of the artificial brains is tested on how well they perform at a task. 

Selection: the brains that perform better are chosen to reproduce into the next generation of artificial brains. 

Descent with modification: the offspring of those artificial brains are created as copies of their parent brains with 

slight modifications. 

This process repeats again and again until the artificial brains master the task. 

 

4. Performance of neural network 

 
Performance of neural network is depends on number of neurons. Few neurons can result in less correctness, while 

many neurons may contribute to over appropriate problem.  

Obviously, it is contradicting between achieving a better network performance and simplifying the better network 

topology. Since the 1990s, Evolution algorithms have been successfully used for optimizing the design and 

parameters of ANNs. 

An ANN has several advantages but one of the most recognized of these is the fact that it can actually learn from 

observing data. In this way, Artificial Neural Network is used as a random function approximation tool. These types 

of tools help in estimating the most cost-effective and ideal methods for finding the solutions while defining 

computing functions. Artificial Neural Network takes small data samples rather than whole data sets to arrive at 
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solutions, which saves both time and money. Artificial Neural Networks are taken as fairly simple mathematical 

models to improve existing data analysis technologies.  

 

5. Optimization 

 
Optimization can be defined as the process of finding the best solution to a problem that has many possible 

solutions.  

 

 

5.1Evolutionary algorithm (EA)  
EA optimization is a directed search technique that calculates thousands of possible solutions as it converges on the 

best solutions that can be exist. 

Evolutionary Algorithms (EAs) require large amount of computing power in order to be effective.  

Optimatics use a cluster of computing nodes, dividing an optimization project into smaller computing tasks, and 

distributing tasks individually to each node then the tasks processed in parallel to achieve time efficiencies. 

The distributed computing technologies of Optimatics are resizable and enable optimization processes to be run by 

clients on their in-house computer networks. 

 

5.2 Non-Linear Programming 
The most appropriate technology is Non-Linear Programming (NLP) where the optimization problem can be 

converted to a series of linear programs without loss of accuracy.  

The advantage of NLP is in its computational efficiency. Optimal solutions can be produced in a matter of minutes, 

making NLP useful for optimizing systems in real-time.  

NLP has been successfully applied to optimize the scheduling of pump operations, and in the long term management 

of bulk water systems. 

 

5.3 Artificial Neural Networks 
When coupled with a Genetic Algorithm, Artificial Neural Networks (ANNs) satisfy the requirement of achieving 

optimal solutions by up to 100 times faster than a stand-alone Genetic Algorithm. Artificial Neural Networks 

(ANNs) can be used to approximate computationally intensive simulation models, such as EPANET and SWMM. 

The ANN can then be used in place of EPANET or SWMM in a Genetic Algorithm run. As ANNs are an 

approximation technique, they can be run in a significantly shorter amount of time than the simulation model. 

Therefore, when coupled with a Genetic Algorithm, Artificial Neural Networks satisfy the requirement of achieving 

optimal solutions in a shorter time-frame. Optimal solutions are also verified with the original simulation model to 

ensure they satisfy hydraulic requirements. The main purpose of the ANN technology is to improve efficiency, that 

is, reduce computer run-time. 

 

6. Application areas 

 
The most common applications of neuroevolution are in 

Reinforcement learning  

Evolutionary robotics  

Artificial life 

Image compression 

Character recognition 

 

Sample applications include  

Evolving behaviors for board games and video games  

Controlling mobile robots 

Investigating the evolution of biologically-relevant behaviors 

 

Neuroevolution generalizes to a wide range of network architectures and neural models; applying neuroevolution 

requires only that the performance of networks can be evaluated over time, and that the behavior of the networks can 

be modified through evolution. While most neural learning methods focus on modifying only the strengths of neural 

connections (i.e. their connection weights), neuroevolution can additionally optimize other parameters, such as the 
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structure of the network (e.g. adding neurons), the type of computation performed by individual neurons, and even 

learning rules that modify the network during evaluation. 

 

7. Drawbacks 

 
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. This also means that an evolutionary algorithm never knows for certain when to stop, aside from the 

length of time, or the number of iterations or candidate solutions, that you wish to allow it to explore. 

 

8. Conclusion 

 
An overall ambitious objective is to evolve complex artificial neural networks capable of intelligent behavior. As a 

result, neuroevolution can be seen both as a means to investigate how intelligence evolved in nature, as well as a 

practical method for engineering artificial neural networks to perform desired tasks. 

Evolutionary algorithms can also be used to solve problems that humans don't really know how to solve. An 

Evolutionary Algorithm, free of any human preconceptions, can generate surprising solutions that are comparable to, 

or better than, the best human-generated efforts. It is merely necessary that we can recognize a good solution if it 

were presented to us, even if we don't know how to create a good solution. In other words, we need to be able to 

formulate an effective fitness function. 
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