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1 What is Encog? 

Encog is an Artificial Intelligence (AI) Framework for Java and .Net.  Though Encog 

supports several areas of AI outside of neural networks, the primary focus for the Encog 

2.x versions is neural network programming.  This book was published as Encog 2.3 was 

being released.  It should stay very compatible with later editions of Encog 2.  Future 

versions in the 2.x series will attempt to add functionality with minimal disruption to 

existing code. 

1.1 The History of Encog 

The first version of Encog, version 0.5 was released on July 10, 2008.  However, the 

code for Encog originates from the first edition of ñIntroduction to Neural Networks with 

Javaò, which I published in 2005.  This book was largely based on the Java Object 

Oriented Neural Engine (JOONE).  Basing my book on JOONE proved to be 

problematic.  The early versions of JOONE were quite promising, but JOONE quickly 

became buggy, with future versions introducing erratic changes that would frequently 

break examples in my book.  As of 2010, with the writing of this book, the JOONE 

project seems mostly dead.  The last release of JOONE was a ñrelease candidateò, that 

occurred in 2006.  As of the writing of this document, in 2010, there have been no further 

JOONE releases. 

The second edition of my book used 100% original code and was not based on any 

neural network API.  This was a better environment for my ñIntroduction to Neural 

Networks for Java/C#ò books, as I could give exact examples of how to implement the 

neural networks, rather than how to use an API.  This book was released in 2008.   

I found that many people were using the code presented in the book as a neural 

network API.  As a result, I decided to package it as such.  Version 0.5 of Encog is 

basically all of the book code combined into a package structure.  Versions 1.0 through 

2.0 greatly enhanced the neural network code well beyond what I would cover in an 

introduction book.   

The goal of my ñIntroduction to Neural Networks with Java/C#ò is to teach someone 

how to implement basic neural networks of their own.  The goal of this book is to teach 

someone to use Encog to create more complex neural network structures without the need 

to know how the underlying neural network code actually works.   

These two books are very much meant to be read in sequence, as I try not to repeat too 

much information in this book. However, you should be able to start with Encog if you 

have a basic understanding of what neural networks are used for.  You must also 

understand the C# programming language.  Particularly, you should be familiar with the 

following: 

¶ C# Generics 

¶ Collections 

¶ Object Oriented Programming 
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Before we begin examining how to use Encog, letôs first take a look at what sorts of 

problems Encog might be adept at solving.  Neural networks are a programming 

technique.  They are not a silver bullet solution for every programming problem you will 

encounter.  There are some programming problems that neural networks are extremely 

adept at solving.  There are other problems for which neural networks will fail miserably. 

1.2 Problem Solving with Neural Networks 

  A significant goal of this book is to show you how to construct Encog neural 

networks and to teach you when to use them. As a programmer of neural networks, you 

must understand which problems are well suited for neural network solutions and which 

are not. An effective neural network programmer also knows which neural network 

structure, if any, is most applicable to a given problem. This section begins by first 

focusing on those problems that are not conducive to a neural network solution. 

1.2.1 Problems Not Suited to a Neural Network Solution 

    Programs that are easily written out as flowcharts are examples of problems for 

which neural networks are not appropriate. If your program consists of well-defined 

steps, normal programming techniques will suffice. 

    Another criterion to consider is whether the logic of your program is likely to 

change. One of the primary features of neural networks is their ability to learn. If the 

algorithm used to solve your problem is an unchanging business rule, there is no reason 

to use a neural network. In fact, it might be detrimental to your application if the neural 

network attempts to find a better solution, and begins to diverge from the desired process 

and produces unexpected results. 

    Finally, neural networks are often not suitable for problems in which you must 

know exactly how the solution was derived. A neural network can be very useful for 

solving the problem for which it was trained, but the neural network cannot explain its 

reasoning. The neural network knows something because it was trained to know it. The 

neural network cannot explain how it followed a series of steps to derive the answer. 

1.2.2 Problems Suited to a Neural Network 

    Although there are many problems for which neural networks are not well suited, 

there are also many problems for which a neural network solution is quite useful. In 

addition, neural networks can often solve problems with fewer lines of code than a 

traditional programming algorithm. It is important to understand which problems call for 

a neural network approach. 

    Neural networks are particularly useful for solving problems that cannot be 

expressed as a series of steps, such as recognizing patterns, classification, series 

prediction, and data mining. 

    Pattern recognition is perhaps the most common use for neural networks. For this 

type of problem, the neural network is presented a pattern. This could be an image, a 



 
Introduction to Encog 2.3 for C# 8 

 

 

sound, or any other data. The neural network then attempts to determine if the input data 

matches a pattern that it has been trained to recognize. There will be many examples in 

this book of using neural networks to recognize patterns. 

    Classification is a process that is closely related to pattern recognition. A neural 

network trained for classification is designed to take input samples and classify them into 

groups. These groups may be fuzzy, lacking clearly defined boundaries. Alternatively, 

these groups may have quite rigid boundaries.  

As you read though this document you will undoubtedly have questions about the 

Encog Framework.  One of the best places to go for answers is the Encog forums at 

Heaton Research.  You can find the Heaton Research forums at the following URL: 

http://www.heatonresearch.com/forum 

 

 

  

http://www.heatonresearch.com/forum
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2 Installing and Using Encog 

¶ Downloading Encog 

¶ Running Examples 

¶ Running the Workbench 

This chapter shows how to install and use Encog.  This consists of downloading Encog 

from the Encog Web site, installing and then running the examples.  You will also be 

shown how to run the Encog Workbench.   Encog makes use of .Net.  This chapter 

assumes that you have already downloaded and installed the .Net runtime, as well as 

Visual Studio, or some other C# IDE.   

Encog currently requires .Net Runtime 3.5 or higher.  It is assumed that you are using 

Visual Studio 2008 or higher.  Though Encog will likely work with other C# IDEs, such 

as SharpDevelop, this guide assumes you are using Visual Studio 2008.  You can 

download a free copy of Visual Studio, if you meet certain requirements, from the 

following URL. 

http://www.microsoft.com/exPress 

We will begin with installing Encog. 

Installing Encog 

You can always download the latest version of Encog from the following URL: 

http://www.encog.org 

On this page, you will find a link to download the latest version of Encog and find the 

following files at the Encog download site: 

¶ The Encog Core 

¶ The Encog Examples 

¶ The Encog Workbench 

¶ The Encog Workbench Source Code 

For this document, you will need to download the first three files (Encog Core, and 

Encog Examples and Encog Workbench).  Make sure you select the .Net/C# version of 

Encog, as there is also a Java version of Encog. 

There will be several versions of the workbench available.  You can download the 

workbench as a Windows executable, a universal script file, or a Macintosh application.  

Choose the flavor of the workbench that is most suited to your computer.  You do not 

need the workbench source code to use this document. 
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Compiling the Encog Core 

Unless you would like to modify Encog itself, it is unlikely that you would need to 

compile the Encog core.  Compiling the Encog core will recompile and rebuild the Encog 

core DLL file.  It is very easy to recompile the Encog core using Visual Studio.  Look 

inside of the the Encog core archive and you will find a Microsoft Solution (.sln) file 

named encog - core - cs.sln . Open this file and you will see Encog in Visual studio, 

as seen in Figure 2.1. 

Figure 2.1: Encog Core in Visual Studio 

 

To recompile the Encog DLL, simply choose ñBuildò and then ñRebuild Solutionò, as 

you would rebuild any project.  Once the project has been rebuilt, you will find the new 

Encog core DLL file in the bin \ release  directory of your project. 

Compiling and Executing Encog Examples 

The Encog examples are packaged as one Microsoft Solution (.sln) file with one 

Microsoft Visual Studio Project (.csproj) file for each of the examples.  You can execute 

these individual projects to run each example. 

Most of the Encog examples are ñconsole modeò.  This allows you to see how to 

create neural networks without a great deal of ñGUI overhead.ò  To run a console 

example you must execute the ConsoleExample s  provided in the examples project.  

If you execute it with no arguments, you will see the following output. 

Must specify the example to run as the first argument  

The following commands are available:  

adalinedigits  

tsp - anneal  

art1 - classify  

bam 

benchmark  

tsp - boltzmann  

cpn  
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xor - elman  

tsp - genetic  

hopfield - simple  

hopfield - associate  

xor - jordan  

market  

mul tibench  

xor - anneal  

xor - backprop  

xor - gaussian  

xor - genetic  

xor - manhattan  

xor - radial  

xor - rprop  

xor - scg  

xor - thresholdless  

forest  

lunar  

image  

persist - encog  

persist - serial  

sunspots  

This gives you the commands you can use to run the individual examples.  For 

example, to run the RPROP example, use the following command. 

ConsoleExamples - pause xor - rprop  

 

You can also tell the example to pause the output.  This can be very useful when you 

execute from Visual Studio.  Otherwise you will not see the example, because the 

window closes to fast. 

ConsoleExamples - pause xor - rprop  

Appendix B shows the locations of each of these examples. 

Third-Party Libraries Used by Encog 

There are only two external DLL files needed for the examples to run.  They are 

contained in a directory named dll .  These DLLs are summarized here. 

¶ encog-core-cs.dll 

¶ log4net.dll 

¶ nunit.core.dll 

¶ nunit.core.interfaces.dll 

¶ nunit.uikit.dll 

The first DLL is the Encog core.  All projects that make use of Encog will use the 

Encog core.  The second DLL is log4net.  LOG4NET is a logging package used by many 

applications.  LOG4NET is based on a similar package, named LOG4J that is used by 
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Encog Java.  The last three DLLs are used by NUNIT, which provides unit testing for 

Encog. 

Running an Example from the Command Line 

Any of the Encog examples can be run from the command line.  Simply navigate to 

the directory that contains the exampleôs EXE file.  Once inside of that directory execute 

the example as you would any application by typing its name and pressing the enter key. 

Running Encog Examples in Visual Studio 

The examples can also be run from an IDE, such as Visual Studio. The examples are 

all individual projects contained in one single solution file.  Inside of the examples 

archive you will find the examples solution file, named EncogExamplesCS.sln . 

Once you open this file you will see individual project folders for all of the Encog 

example projects.  Choose the project that you would like to run and right-click its folder.  

From the right-click popup menu choose ñSet as Startup Projectò.  This will cause the 

name of that project to appear bold.   

Now that you have selected the project, and made it the startup project, you are ready 

to run an example.  Click the ñgreen arrowò on the tool bar and run the example as you 

would run an application under Visual Studio. 
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3 Introduction to Encog 

¶ The Encog Framework 

¶ What is a Neural Network? 

¶ Using a Neural Network 

¶ Training a Neural Network 

Artificial neural networks are programming techniques that attempt to emulate the 

human brain's biological neural networks.  Artificial neural networks (ANNs) are just one 

branch of artificial intelligence (AI).  This document focuses primarily on artificial neural 

networks, frequently called simply neural networks, and the use of the Encog Artificial 

Intelligence Framework,  usually just referred to as Encog. Encog is an open source 

project that provides neural network and HTTP bot functionality.   

This document explains how to use neural networks with Encog and the C# 

programming language.  Though this document focuses on C#, it could be used as a 

guide for other .Net language, such as VB.Net.  Obviously, code contained in this 

document would need to be translated from C# to the .Net language of your choice.   

The emphasis of this document is on how to use the neural networks, rather than how 

to actually create the software necessary to implement a neural network.  Encog provides 

all of the low-level code necessary to construct many different kinds of neural networks.  

If you are interested in learning to actually program the internals of a neural network, 

using C#, you may be interested in the book ñIntroduction to Neural Networks with C#ò 

(ISBN: 978-1604390094). 

Encog provides the tools to create many different neural network types.  Encog 

supports feedforward, recurrent, self-organizing maps, radial basis function and Hopfield 

neural networks.  The low-level types provided by Encog can be recombined and 

extended to support additional neural network architectures as well. The Encog 

Framework can be obtained from the following URL: 

http://www.encog.org/ 

Encog is released under the Lesser GNU Public License (LGPL).  All of the source 

code for Encog is provided in a Subversion (SVN) source code repository provided by 

the Google Code project.  Encog is also available for the Java and Silverlight platforms. 

Encog neural networks, and related data, can be stored in .EG files.  These files can be 

edited by a GUI editor provided with Encog.  The Encog Workbench allows you to edit, 

train and visualize neural networks.  The Encog Workbench can generate code in Java, 

Visual Basic or C#.  The Encog Workbench can be downloaded from the above URL. 

3.1 What is a Neural Network? 

We will begin by examining what exactly a neural network is.  A simple feedforward 

neural network can be seen in Figure 3.1.  This diagram was created with the Encog 

Workbench.  It is not just a diagram; this is an actual functioning neural network from 
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Encog as you would actually edit it. 

Figure 3.1: Simple Feedforward Neural Network 

 

Networks can also become more complex than the simple network above.  Figure 3.2 

shows a recurrent neural network. 

Figure 3.2: Simple Recurrent Neural Network 

 

Looking at the above two neural networks you will notice that they are composed of 

layers, represented by the boxes.  These layers are connected by lines, which represent 

synapses.  Synapses and layers are the primary building blocks for neural networks 

created by Encog.  The next chapter focuses solely on layers and synapses.   

Before we learn to build neural networks with layers and synapses, letôs first look at 
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what exactly a neural network is.  Look at Figures 1.1 and 1.2.  They are quite a bit 

different, but they share one very important characteristic.  They both contain a single 

input layer and a single output layer.  What happens between these two layers is very 

different, between the two networks.  In this chapter, we will focus on what comes into 

the input layer and goes out of the output layer.  The rest of the document will focus on 

what happens between these two layers. 

Almost every neural network seen in this document will have, at a minimum, an input 

and output layer.  In some cases, the same layer will function as both input and output 

layer. You can think of the general format of any neural network found in this document 

as shown in Figure 3.3. 

Figure 3.3: Generic Form of a Neural Network 

 

To adapt a problem to a neural network, you must determine how to feed the problem 

into the input layer of a neural network, and receive the solution through the output layer 

of a neural network.  We will look at the input and output layers in this chapter.  We will 

then determine how to structure the input and interpret the output.  The input layer is 

where we will start. 

3.1.1 Understanding the Input Layer 

The input layer is the first layer in a neural network.  This layer, like all layers, has a 

specific number of neurons in it.  The neurons in a layer all contain similar properties.  

The number of neurons determines how the input to that layer is structured.  For each 

input neuron, one double  value is stored.  For example, the following array could be 

used as input to a layer that contained five neurons. 

double[] input = new double[5];  

The input to a neural network is always an array of doubles.  The size of this array 
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directly corresponds to the number of neurons on this layer.   Encog uses the class 

INeuralData  to hold these arrays.  You could easily convert the above array into an 

INeuralData  object with the following line of code. 

INeuralData data = new BasicNeuralData(input);  

The interface INeuralData  defines any ñarray likeò data that may be presented to 

Encog.  You must always present the input to the neural network inside of an 

INeuralData  object.  The class BasicNeuralData  implements the 

INeuralData  interface.  The class BasicNeuralData  is not the only way to 

provide Encog with data.  There are other implementations of INeuralData , as well.  

We will see other implementations later in the document. 

The BasicNeuralData  class simply provides a memory-based data holder for the 

neural network.  Once the neural network processes the input, an INeuralData  based 

class will be returned from the neural network's output layer.  The output layer is 

discussed in the next section. 

3.1.2 Understanding the Output Layer 

The output layer is the final layer in a neural network.  The output layer provides the 

output after all of the previous layers have had a chance to process the input.  The output 

from the output layer is very similar in format to the data that was provided to the input 

layer.  The neural network outputs an array of doubles. 

The neural network wraps the output in a class based on the INeuralData  interface.  

Most of the built in neural network types will return a BasicNeuralData  class as the 

output.  However, future, and third party, neural network classes may return other classes 

based other implementations of the INeuralData  interface. 

Neural networks are designed to accept input, which is an array of doubles, and then 

produce output, which is also an array of doubles.  Determining how to structure the 

input data, and attaching meaning to the output, are two of the main challenges to 

adapting a problem to a neural network.  The real power of a neural network comes from 

its pattern recognition capabilities.  The neural network should be able to produce the 

desired output even if the input has been slightly distorted.   

3.1.3 Hidden Layers 

As previously discussed, neural networks contain and input layer and an output layer.  

Sometimes the input layer and output layer are the same. Often the input and output layer 

are two separate layers.  Additionally, other layers may exist between the input and output 

layers.  These layers are called hidden layers.  These hidden layers can be simply inserted 

between the input and output layers.  The hidden layers can also take on more complex 

structures.   

The only purpose of the hidden layers is to allow the neural network to better produce 

the expected output for the given input.  Neural network programming involves first 
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defining the input and output layer neuron counts.  Once you have defined how to 

translate the programming problem into the input and output neuron counts, it is time to 

define the hidden layers. 

The hidden layers are very much a ñblack boxò.  You define the problem in terms of 

the neuron counts for the hidden and output layers.  How the neural network produces the 

correct output is performed, in part, by the hidden layers.  Once you have defined the 

structure of the input and output layers you must define a hidden layer structure that 

optimally learns the problem.  If the structure of the hidden layer is too simple it may not 

learn the problem.  If the structure is too complex, it will learn the problem but will be 

very slow to train and execute.  

Later chapters in this document will discuss many different hidden layer structures.  

You will learn how to pick a good structure, based on the problem that you are trying to 

solve.  Encog also contains some functionality to automatically determine a potentially 

optimal hidden layer structure.  Additionally, Encog also contains functions to prune back 

an overly complex structure. 

Some neural networks have no hidden layers.  The input layer may be directly 

connected to the output layer.  Further, some neural networks have only a single layer.  A 

single layer neural network has the single layer self-connected.  These connections permit 

the network to learn.  Contained in these connections, called synapses, are individual 

weight matrixes.  These values are changed as the neural network learns.  We will learn 

more about weight matrixes in the next chapter.  

3.2 Using a Neural Network 

We will now look at how to structure a neural network for a very simple problem.  We 

will consider creating a neural network that can function as an XOR operator.  Learning 

the XOR operator is a frequent ñfirst exampleò when demonstrating the architecture of a 

new neural network.  Just as most new programming languages are first demonstrated 

with a program that simply displays ñHello Worldò, neural networks are frequently 

demonstrated with the XOR operator.  Learning the XOR operator is sort of the ñHello 

Worldò application for neural networks. 

3.2.1 The XOR Operator and Neural Networks 

The XOR operator is one of three commonly used Boolean logical operators.  The 

other two are the AND and OR operators.  For each of these logical operators, there are 

four different combinations.  For example, all possible combinations for the AND 

operator are shown below. 

0 AND 0 = 0  

1 AND 0 = 0  

0 AND 1 = 0  

1 AND 1 = 1  

This should be consistent with how you learned the AND operator for computer 
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programming.  As its name implies, the AND operator will only return true, or one, when 

both inputs are true. 

The OR operator behaves as follows. 

0 OR 0 = 0  

1 OR 0 = 1  

0 OR 1 = 1  

1 OR 1 = 1  

This also should be consistent with how you learned the OR operator for computer 

programming.  For the OR operator to be true, either of the inputs must be true. 

The ñexclusive orò (XOR) operator is less frequently used in computer programming, 

so you may not be familiar with it.  XOR has the same output as the OR operator, except 

for the case where both inputs are true.  The possible combinations for the XOR operator 

are shown here. 

0 XOR 0 = 0  

1 XOR 0 = 1  

0 XOR 1 = 1  

1 XOR 1 = 0  

As you can see the XOR operator only returns true when both inputs differ.  In the 

next section we will see how to structure the input, output and hidden layers for the XOR 

operator. 

3.2.2 Structuring a Neural Network for XOR 

There are two inputs to the XOR operator and one output.  The input and output layers 

will be structured accordingly.  We will feed the input neurons the following double  

values: 

0.0,0.0  

1.0,0.0  

0.0,1.0  

1.0,1.0  

These values correspond to the inputs to the XOR operator, shown above.  We will 

expect the one output neuron to produce the following double  values: 

0.0  

1.0  

1.0  

0.0  

This is one way that the neural network can be structured.  This method allows a 

simple feedforward neural network to learn the XOR operator.  The feedforward neural 

network, also called a perceptron, is one of the first neural network architectures that we 

will learn. 

There are other ways that the XOR data could be presented to the neural network.  
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Later in this document we will see two examples of recurrent neural networks.  We will 

examine the Elman and Jordan styles of neural networks.  These methods would treat the 

XOR data as one long sequence.  Basically concatenate the truth table for XOR together 

and you get one long XOR sequence, such as: 

0.0,0.0,0.0,  

0.0,1.0,1.0,  

1.0,0.0,1.0,  

1.0,1.0,0.0  

The line breaks are only for readability.  This is just treating XOR as a long sequence.  

By using the data above, the network would have a single input neuron and a single 

output neuron.  The input neuron would be fed one value from the list above, and the 

output neuron would be expected to return the next value.   

This shows that there is often more than one way to model the data for a neural 

network.  How you model the data will greatly influence the success of your neural 

network.  If one particular model is not working, you may need to consider another.  For 

the examples in this document we will consider the first model we looked at for the XOR 

data. 

Because the XOR operator has two inputs and one output, the neural network will 

follow suit.  Additionally, the neural network will have a single hidden layer, with two 

neurons to help process the data.  The choice for 2 neurons in the hidden layer is 

arbitrary, and often comes down to trial and error.  The XOR problem is simple, and two 

hidden neurons are sufficient to solve it.  A diagram for this network can be seen in 

Figure 3.4. 

Figure 3.4: Neuron Diagram for the XOR Network 

 

Usually, the individual neurons are not drawn on neural network diagrams.  There are 

often too many.  Similar neurons are grouped into layers.  The Encog workbench displays 

neural networks on a layer-by-layer basis.  Figure 3.5 shows how the above network is 

represented in Encog. 
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Figure 3.5: Encog Layer Diagram for the XOR Network 

 

The code needed to create this network is relatively simple. 

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(2));  

network .AddLayer(new BasicLayer(2));  

network.AddLayer(new BasicLayer(1));  

network.Structure.FinalizeStructure();  

network.Reset();  

In the above code you can see a BasicNetwork  being created.  Three layers are 

added to this network.  The first layer, which becomes the input layer, has two neurons.  

The hidden layer is added second, and it has two neurons also.  Lastly, the output layer is 

added, which has a single neuron.  Finally, the FinalizeStructure  method must be 

called to inform the network that no more layers are to be added.  The call to Reset  

randomizes the weights in the connections between these layers.   

Neural networks frequently start with a random weight matrix.  This provides a 

starting point for the training methods.  These random values will be tested and refined 

into an acceptable solution.  However, sometimes the initial random values are too far 

off.  Sometimes it may be necessary to reset the weights again, if training is ineffective. 

These weights make up the long-term memory of the neural network.  Additionally, 

some layers have threshold values that also contribute to the long-term memory of the 

neural network.  Some neural networks also contain context layers, which give the neural 

network a short-term memory as well.  The neural network learns by modifying these 

weight and threshold values.   

Now that the neural network has been created, it must be trained.  Training is 

discussed in the next section. 
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3.2.3 Training a Neural Network 

To train the neural network, we must construct a INeuralDataSet  object.  This 

object contains the inputs and the expected outputs.  To construct this object, we must 

create two arrays.  The first array will hold the input values for the XOR operator.  The 

second array will hold the ideal outputs for each of 115 corresponding input values.  

These will correspond to the possible values for XOR.  To review, the four possible 

values are as follows: 

0 XOR 0 = 0  

1 XOR 0 = 1  

0 XOR 1 = 1  

1 XOR 1 = 0  

First we will construct an array to hold the four input values to the XOR operator.  

This is done using a two dimensional double  array.  This array is as follows:   

public static double[][] XOR_INPUT ={  

  new double[2] { 0.0, 0.0 },  

  new double[2] { 1.0, 0.0 },  

  new double[2] { 0.0, 1.0 },  

  new double[2] { 1.0, 1.0 } };   

Likewise, an array must be created for the expected outputs for each of the input 

values.  This array is as follows: 

public static double[][] XOR_IDEAL = {                                               

  new double[1] { 0.0 },  

  new double[1] { 1.0 },  

  new double[1] { 1.0 },  

  new double[1] { 0.0 } };  

Even though there is only one output value, we must still use a two-dimensional array 

to represent the output.  If there had been more than one output neuron, there would have 

been additional columns in the above array. 

Now that the two input arrays have been constructed an INeuralDataSet  object 

must be created to hold the training set.  This object is created as follows. 

INeuralDataSet trainingSet = new BasicNeuralDataSet(XOR_INPUT, 

XOR_IDEAL);  

Now that the training set has been created, the neural network can be trained.  Training 

is the process where the neural network's weights are adjusted to better produce the 

expected output.  Training will continue for many iterations, until the error rate of the 

network is below an acceptable level.  First, a training object must be created.  Encog 

supports many different types of training.   

For this example we are going to use Resilient Propagation (RPROP).  RPROP is 

perhaps the best general-purpose training algorithm supported by Encog.  Other training 

techniques are provided as well, as certain problems are solved better with certain 

training techniques.  The following code constructs a RPROP trainer. 
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ITrain train = new ResilientPropagation(network, trainingSet);  

All training classes implement the ITrain  interface.  The RPROP algorithm is 

implemented by the ResilientPropagation  class, which is constructed above. 

Once the trainer has been constructed the neural network should be trained.  Training 

the neural network involves calling the Iteration  method on the ITrain  class until 

the error is below a specific value. 

int epoch = 1;  

 

do 

{  

  train.Iteration();  

  Console.WriteLine("Epoch #" + epoch + " Error:" + train.Error);  

  epoch++;  

} while ((epoch < 5000) && (train.Error > 0.01));  

The above code loops through as many iterations, or epochs, as it takes to get the error 

rate for the neural network to be below 1%.  Once the neural network has been trained, it 

is ready for use.  The next section will explain how to use a neural network. 

 

3.2.4 Executing a Neural Network 

Making use of the neural network involves calling the Compute  method on the 

BasicNetwork  class.  Here we loop through every training set value and display the 

output from the neural network. 

Console.WriteLine("Neural Network Results:");  

             

foreach (INeuralDataPair pair in trainingSet)  

{  

  INeuralData output = network.Compute(pair.Input);  

  Console.WriteLine(pair.Input[0] + "," + pair.Input[1]  

  + ", actual=" + output[0] + ",ideal=" + pair.Ideal[0]);  

}  

The Compute  method accepts an INeuralData  class and also returns a 

INeuralData  object.  This contains the output from the neural network.  This output is 

displayed to the user.  With the program is run the training results are first displayed.  For 

each Epoch, the current error rate is displayed. 

Epoch #1 Error:0.5604437512295236  

Epoch #2 Error:0.5056375155784316  

Epoch #3 Error:0.5026960720526166  

Epoch #4 Error:0.4907299498390594  

...  

Epoch #104 Error:0.01017278345766472  

Epoch #105 Error:0.010557202078697751  

Epoch #106 Error:0.011034965164672806  

Epoch #107 Error:0.009682102808616387  
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The error starts at 56% at epoch 1.  By epoch 107 the training has dropped below 1% 

and training stops.  Because neural network was initialized with random weights, it may 

take different numbers of iterations to train each time the program is run.  Additionally, 

though the final error rate may be different, it should always end below 1%. 

Finally, the program displays the results from each of the training items as follows: 

Neural Network Results:  

0.0,0.0, actual=0.002782538818034049,ideal=0.0  

1.0,0.0, actual=0.9903741937121177,ideal=1.0  

0.0,1.0, actual=0.983 6807956566187,ideal=1.0  

1.0,1.0, actual=0.0011646072586172778,ideal=0.0  

As you can see, the network has not been trained to give the exact results.  This is 

normal.  Because the network was trained to 1% error, each of the results will also be 

within generally 1% of the expected value.   

Because the neural network is initialized to random values, the final output will be 

different on second run of the program. 

Neural Network Results:  

0.0,0.0, actual=0.005489822214926685,ideal=0.0  

1.0,0.0, actual=0.985425 090860287,ideal=1.0  

0.0,1.0, actual=0.9888064742994463,ideal=1.0  

1.0,1.0, actual=0.005923146369557053,ideal=0.0  

Above, you see a second run of the program.  The output is slightly different.  This is 

normal. 

This is the first Encog example.  You can see the complete program in Listing 1.1.  All 

of the examples contained in this document are also included with the examples 

downloaded with Encog.  For more information on how to download these examples and 

where this particular example is located, refer to Appendix A, ñInstalling Encogò. 

 

Listing 1.1: Solve XOR with RPROP 
using System;  

using System.Collections.Generic;  

using System.Linq;  

using System.Text;  

using Encog.Neural.Networks;  

using Encog.Neural.Networks.Layers;  

using Encog.Neural.Activation;  

using Encog. Neural.Data.Basic;  

using Encog.Neural.NeuralData;  

using Encog.Neural.Networks.Training;  

using Encog.Neural.Data;  

using Encog.Neural.Networks.Training.Propagation.Resilient;  

using ConsoleExamples.Examples;  

 

namespace Encog.Examples.XOR.Resilient  

{  
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  public class XORResilient : IExample  

  {  

    public static ExampleInfo Info  

    {  

      get  

      {  

        ExampleInfo info = new ExampleInfo(  

          typeof(XORResilient),  

            "xor - rprop",  

            "XOR Operator with Resilient Propagation" ,  

            "Use RPROP to learn the XOR operator.");  

           return info;  

      }  

    }  

         

    /// <summary>  

    /// Input for the XOR function.  

    /// </summary>  

    public static double[][] XOR_INPUT ={  

      new double[2] { 0.0, 0.0 },  

      new double[2] { 1.0, 0.0 },  

      new double[2] { 0.0, 1.0 },  

      new double[2] { 1.0, 1.0 } };  

 

    /// <summary>  

    /// Ideal output for the XOR function.  

    /// </summary>  

    public static double[][] XOR_IDEAL = {                                               

      new double[1] { 0.0 },  

      new double[1] { 1.0 },  

      new double[1] { 1.0 },  

      new double[1] { 0.0 } };  

 

    /// <summary>  

    /// Program entry point .  

    /// </summary>  

    /// <param name="args">Not used.</param>  

    public void Execute(IExampleInterface app)  

    {  

      BasicNetwork network = new BasicNetwork();  

      network.AddLayer(new BasicLayer(  

        new ActivationSigmoid(), true, 2));  

      network.AddLayer(new BasicLayer(  

        new ActivationSigmoid(), true, 6));  

      network.AddLayer(new BasicLayer(  

        new ActivationSigmoid(), true, 1));  

      network.Structure.FinalizeStructure();  

      network.Reset();  

 

      INeuralDataSet train ingSet =  

        new BasicNeuralDataSet(XOR_INPUT, XOR_IDEAL);  

 

      // train the neural network  

      // train the neural network  

      ITrain train =  
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        new ResilientPropagation(network, trainingSet);  

 

      int epoch = 1;  

 

      do 

      {  

        train.Iteration();  

        Console.WriteLine("Epoch #" + epoch  

          + " Error:" + train.Error);  

        epoch++;  

      } while ((epoch < 5000) && (train.Error > 0.001));  

 

      // test the neural network  

      Console.WriteLine("Neural Networ k Results:");  

      foreach (INeuralDataPair pair in trainingSet)  

      {  

        INeuralData output = network.Compute(pair.Input);  

        Console.WriteLine(pair.Input[0] + "," + pair.Input[1]  

          + ", actual=" + output[0] + ",ideal=" + pair.Ideal[0 ]);  

      }  

    }  

  }  

}  

3.3 Chapter Summary 

Encog is a framework that allows you to create neural networks or bot applications.  

This document focuses on using Encog to create neural network applications.  This 

chapter focused on the overall layout of a neural network.  In this chapter, you saw how 

to create an Encog application that could learn the XOR operator. 

Neural networks are made up of layers.  These layers are connected by synapses.  The 

synapses contain weights that make up the memory of the neural network.  Some layers 

also contain threshold values that also contribute to the memory of the neural network.  

Together, thresholds and weights make up the long-term memory of the neural network.  

Networks can also contain context layers.  Context layers are used to form a short-term 

memory. 

There are several different layer types supported by Encog.  However, these layers fall 

into three groups, depending on where they are placed in the neural network.  The input 

layer accepts input from the outside.  Hidden layers accept data from the input layer for 

further processing.  The output layer takes data, either from the input or final hidden 

layer, and presents it on to the outside world. 

The XOR operator was used as an example for this chapter.  The XOR operator is 

frequently used as a simple ñHello Worldò application for neural networks.  The XOR 

operator provides a very simple pattern that most neural networks can easily learn.  It is 

important to know how to structure data for a neural network.  Neural networks both 

accept and return an array of floating point numbers. 

This chapter introduced layers and synapses.  You saw how they are used to construct 
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a simple neural network.  The next chapter will greatly expand on layers and synapses.  

You will see how to use the various layer and synapse types offered by Encog to 

construct neural networks. 
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4 Using Activation Functions 

¶ What are Layers and Synapses? 

¶ Encog Layer Types 

¶ Encog Synapse Types 

¶ Neural Network Properties 

¶ Neural Network Logic 

¶ Building with Layers and Synapses 

Encog neural networks are made up of layers, synapses, properties and a logic 

definition.  In this chapter we will examine the various types of layers and synapses 

supported by Encog.  You will see how the layer and synapse types can be combined to 

create a variety of neural network types. 

4.1 What are Layers and Synapses? 

A layer is a collection of similar neurons.  All neurons in the layer must share exactly 

the same characteristic as other neurons in this layer.  A layer accepts a parameter that 

specifies how many neurons that layer is to have.  Layers hold an array of threshold 

values.  There is one threshold value for each of the neurons in the layer.  The threshold 

values, along with the weight matrix form the long-term memory of the neural network.  

Some layers also hold context values that make up the short-term memory of the neural 

network. 

A synapse is used to connect one layer to another.  The synapses contain the weight 

matrixes used by the neural network.  The weight matrixes hold the connection values 

between each of the neurons in the two layers that are connected by this synapse.  

Every Encog neural network contains a neural logic class.  This class defines how a 

neural network processes its layers and synapses.  A neural logic class must implement 

the IN euralLogic  interface.  Every Encog neural network must have an 

INeuralLogic based logic class.  Without such a class the network would not be able 

to process incoming data.  INeuralLogic  classes allow Encog to be compatible with a 

wide array of neural network types. 

Some INeuralLogic  classes require specific layer types.  For the 

INeuralLogic  classes to find these layers, the layers must be tagged.  Tagging allows 

a type to be assigned to any layer in the neural network.  Not all layers need to be tagged. 

Neural network properties are stored in a collection of name-value pairs.  They are 

stored in a simple IDictionary  structure.  Some IN euralLogic  classes require 

specific parameters to be set for them to operate.  These parameters are stored in the 

neural network properties. 

Neural networks are constructed of layers and synapses.  There are several different 

types of layers and synapses, provided by Encog.  This chapter will introduce all of the 

Encog layer types and synapse types.  We will begin by examining the Encog layer types. 
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4.2 Understanding Encog Layers 

There are a total of three different layer types used by Encog.  In this section we will 

examine each of these layer types.  All three of these layer types implement the ILayer  

interface.  As additional layer types are added to Encog, they will support the ILayer  

interface as well.  We will begin by examining the ILayer  interface. 

4.2.1 Using the Layer Interface 

The ILayer  interface defines many important methods that all layers must support.  

Additionally, most Encog layers implement a constructor that initializes that unique type 

of layer.  Listing 4.1 shows the ILayer  interface. 

Listing 4.1: The Layer Interface 
public interface ILayer : ICloneable, IEncogPersistedObject  

{  

  void AddNext(ILayer next);  

  void AddNext(ILaye r next, SynapseType type);  

  void AddSynapse(ISynapse synapse);  

  INeuralData Compute(INeuralData pattern);  

 

  IActivationFunction ActivationFunction  

  {  

    get;  

    set;  

  }  

 

  int NeuronCount  

  {  

    get;  

    set;  

  }  

 

  IList<ISynapse> Next  

  {  

    get;  

  }  

 

  ICollection<ILayer> NextLayers  

  {  

    get;  

  }  

 

  double[] Threshold  

  {  

    get;  

    set;  

  }  

 

  int X  

  {  

    get;  

    set;  
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  }  

 

 

  int Y  

  {  

    get;  

    set;  

  }  

 

  int ID  

  {  

    get;  

    set;  

  }  

 

  bool HasThreshold  

  {  

    get;  

  }  

 

  bool IsConnectedTo(ILayer layer);  

  void Process(INeuralData pattern);  

  INeuralData Recur();  

}  

As you can see there are a number of methods that must be implemented to create a 

layer.  We will now review some of the more important methods. 

The AddNext  method is used to connect another layer to this one.  The next layer is 

connected with an ISynapse .  There are two overloads to the AddNext  method.  The 

first allows you to simply specify the next layer and a WeightedSynapse  is 

automatically created to connect the new layer.  The second allows you to specify the 

next layer and use the SynapseType  enumeration to specify what type of synapse you 

would like to connect the two layers.  Additionally, the AddSynapse  method allows 

you to simply pass in an already created ISynapse . 

The Next  property can be called to get an IList  of the ISynapse  objects used to 

connect to the next layers.  Additionally the NextLayers  property can be used to 

determine which layers this ILayer  is connected to.  To see if this Layer  is connected 

to another specific ILayer  call the IsConnectedTo  method. 

The Threshold  property allows access to the threshold values for this layer.  The 

threshold values are numeric values that change as the neural network is trained, together 

with the weight matrix values; they form the long-term memory of the neural network.  

Not all layers have threshold values; the HasThreshold  property can be used to 

determine if a layer has threshold values. 

The Activation  property allows access to the activation function.  Activation 

functions are mathematical functions that scale the output from a neuron layer.  Encog 

supports many different activation functions.  Activation functions will be covered in 
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much greater detail in the next chapter. 

Finally, the Compute  method is provided that applies the activation function and does 

any other internal processing necessary to Compute  the output from this layer.  You will 

not usually call Compute  directly, rather you will call the Compute  method on the 

INetwork  that this layer is attached to, and it will call the appropriate Compute  

functions for its various layers. 

4.2.2 Using the Basic Layer 

The BasicLayer  implements the ILayer  interface.  The BasicLayer  class has 

two primary purposes.  First, many types of neural networks can be built completely from 

BasicLayer  objects, as it is a very useful layer in its own right.  Second, the 

BasicLayer  provides the basic functionality that some other layers require.  As a 

result, some of the other layers in Encog subclass are base on the BasicL ayer  class. 

The most basic form of the BasicLayer  constructor accepts a single integer 

parameter that specifies how many neurons this layer will have.  This constructor creates 

a layer that uses threshold values and the hyperbolic tangent function as the activation 

function.  For example, the following code creates three layers, with varying numbers of 

neurons.  

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(2));  

network.AddLayer(new BasicLayer(6));  

network.AddLayer(new BasicLaye r(1));  

network.Structure.FinalizeStructure();  

network.Reset();  

If you would like more control over the layer, you can use a more advanced 

constructor.  The following constructor allows you to specify the activation function, as 

well as if threshold values should be used. 

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(new ActivationSigmoid(),true,2));  

network.AddLayer(new BasicLayer(new ActivationSigmoid(),true,6));  

network.AddLayer(new BasicLayer(new ActivationSigmoid(),true,1));  

network.Structure.FinalizeStructure();  

network.Reset();  

The above code creates the same sort of network as the previous code segment; 

however, a sigmoid activation function is used.  The true  parameter means that 

threshold values should be used.  Some neural network architectures do not use threshold 

values, while others do.  As you progress through this document you will see both 

networks that use, as well as those that do not use threshold values. 

The BasicLayer  class is used for many neural network types in this document.   
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4.2.3 Using the Context Layer 

The ContextLayer  class implements a contextual layer.  This layer allows the 

neural network to have a short-term memory.  The context layer always remembers the 

last input values that were fed to it.  This causes the context layer to always output what it 

originally received on the previous run of the neural network.  This allows the neural 

network to remember the last data that was fed to it on the previous run.  The context 

layer is always one iteration behind. 

Context layers are usually used with a recurrent neural network.  Recurrent neural 

networks do not feed the layers just forward.  Layers will be connected back into the flow 

of the neural network.   

ILayer context = new ContextLayer(2) ;    

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(1));  

network.AddLayer(hidden = new BasicLayer(2));  

hidden.AddNext(context, SynapseType.OneToOne);  

context.AddNext(hidden);    

 

network.AddLayer(new BasicLayer(1));  

network .Structure.FinalizeStructure();  

The above code shows a ContextLayer  used with regular BasicLayer  objects.  

The output from the hidden layer in the above neural network not only goes to the output 

layer.  The output from the hidden layer also is fed into the ContextLayer .  A 

OneToOneSynapse  is used to feed the ContextLayer .  We simply want the context 

layer to remember the output from the hidden layer; we do not want any processing.  A 

WeightedSynapse  is fed out of the ContextLayer  because we do want additional 

processing.  We want the neural network to learn from the output of the 

ContextLayer .  

These features allow the ContextLayer  to be very useful for recognizing 

sequences of input data.  The patterns are no longer mutually exclusive when you use a 

Contex tLayer .  If ñPattern Aò is presented to the neural network, followed by 

ñPattern Bò, it is much different than ñPattern Bò being presented first.  Without a context 

layer, the order would not matter. 

4.2.4 Using the Radial Basis Function Layer 

The RadialBasisFun ctionLayer  object implements a radial basis function 

(RBF) layer.  This layer type is based on one or more RBF functions.  A radial basis 

function reaches a peak and decreases quickly on both sides of the graph.  One of the 

most common radial basis functions is the Gaussian function.  The Gaussian function is 

the default option for the RadialBasisFunctionLayer  class.  You can see the 

Gaussian function in Figure 4.1. 
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Figure 4.1: The Gaussian Function 

 

The above figure shows a graph of the Gaussian function.  Usually several Gaussian 

functions are combined to create a RadialBasisFunctionLayer .  Figure 4.2 

shows a RadialBasisFunctionLayer  being edited in the Encog Workbench.  Here 

you can see that this layer is made up of multiple Gaussian functions. 

Figure 4.2: An RBF Layer in Encog Workbench 

 

The following code segment shows the RadialBasisFunctionLayer  as part of 

a RBF neural network. 

RadialBasisFunctionLayer rbfLayer;    

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(new Activa tionLinear(),false,2));  

  

network.AddLayer(rbfLayer = new RadialBasisFunctionLayer(4), 

SynapseType.Direct);  

network.AddLayer(new BasicLayer(1));   

network.Structure.FinalizeStructure();  

network.Reset();  

rbfLayer.RandomizeGaussianCentersAndWidths(0, 1);  
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As you can see from the above code, the RBF layer is used as a hidden layer between 

two BasicLayer  objects.   

4.3 Understanding Encog Synapses 

In the previous section you saw how neural networks are made up of layers.  Synapses 

are used to connect these layers together.  Encog supports a variety of different synapse 

types.  Synapses are used to carry information between the levels of a neural network.  

The synapses differ primarily in how the neurons are connected and what processing 

should be done on the information as it flows between levels. 

Some of the synapse types supported by Encog make use of weight matrixes.  A 

weight matrix allows the connections between each of the source layer neurons to have 

its connection weighted to the target neuron layer.  By adjusting each of these weights, 

the neural network can learn. 

In the next section you will learn about the synapse types that Encog supports.  Any 

synapse that Encog makes use of must support the ISynapse  interface.  This interface 

is discussed in the next section. 

4.3.1 The Synapse Interface 

The ISynapse  interface defines all of the essential methods that a class must support 

to function as a synapse.  The ISynapse  interface is shown in Listing 4.2. 

Listing 4.2: The Synapse Interface 
public interface ISynapse : IEncogPersistedObject  

{  

  INeuralData Compute(INeuralData input);  

   

  ILayer FromLayer  

  {  

    get;  

    set;  

  }  

 

  int FromNeuronCount  

  {  

    get;  

  }  

 

  Matrix.Matrix WeightMatrix  

  {  

    get;  

    set;  

  }  

 

  int MatrixSize  

  {  

    get;  

  }  
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  ILayer ToLayer  

  {  

    get;  

    set;  

  }  

 

  int ToNeuronCount  

  {  

    get;  

  }  

 

  SynapseType SynapseType  

  {  

    get;  

  }  

 

  bool IsSelfConnected  

  {  

    get;  

  }  

 

  bool IsTeachable  

  {  

    get;  

  }  

}  

As you can see there are a number of methods that must be implemented to create a 

synapse.  We will now review some of the more important methods. 

The FromLayer  and ToLayer  properties can be used to find the source and target 

layers for the neural synapse.  The IsSelfConnected  can also be used to determine if 

the synapse creates a self-connected layer.  Encog also supports self-connected layers.  A 

layer is self-connected if it has a self-connected synapse.  A self-connected synapse is a 

synapse where the ñfrom layerò and ñto layerò are the same layer. 

The WeightMatrix  property allows access to the weight matrix for the neural 

network.  A neural network that has a weight matrix is ñteachableò, and the 

IsTeachable  method will return true .  The MatrixSize  property can also be 

called to determine the size of the weight matrix. 

Finally, the Compute  method is provided that applies any synapse specific 

transformation, such as weight matrixes.  You will not usually call Compute directly, 

rather you will call the Compute  method on the INetwork  that this layer is attached to, 

and it will call the appropriate Compute  functions for its various synapses. 

4.3.2 Constructing Synapses 

Often the synapses are simply created in the background and the programmer is not 

really aware of what type of synapse is even being created.  The AddLayer  method of 
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the BasicNetwork  class automatically creates a new WeightedSynapse  every time 

a new layer is added to the neural network. 

The AddLayer  method of the BasicNetwork  class hides quite a bit of complexity.  

However, it is useful to see what is actually going on, and how the synapses are created.  

The following lines of code will show how to create a neural network ñfrom scratchò, 

where every object that is needed to create the neural network is created by hand.  The 

first step is to create a BasicNetwork  object to hold the layers. 

 network = new BasicNetwork();  

Next, we create three layers. Hidden, input and output layers are all created. 

ILa yer inputLayer = new BasicLayer(new ActivationSigmoid(),  

  true,2);  

ILayer hiddenLayer = new BasicLayer(  

  new ActivationSigmoid(),true,2);  

ILayer outputLayer = new BasicLayer(  

  new ActivationSigmoid(),true,1);  

Two synapses are needed to connect these three layers together.  One synapse holds 

the input to the hidden layer.  The second synapse holds the hidden to the output layer.  

The following lines of code create these synapses. 

ISynapse synapseInputToHidden = new 

WeightedSynapse(inputLayer,hiddenLaye r);  

ISynapse synapseHiddenToOutput = new 

WeightedSynapse(hiddenLayer,outputLayer);  

These synapses can then be added to the two layers they originate from. 

inputLayer.Next.Add(synapseInputToHidden);  

hiddenLayer.Next.Add(synapseHiddenToOutput);  

The BasicNetwork  object should be informed what the input and output layer.  

Finally, the network structure should be finalized and the weight matrix and threshold 

values reset. 

network.T agLayer(BasicNetwork.TAG_INPUT, inputLayer );  

network.T agLayer(BasicNetwor k.TAG_ OUTPUT, outputLayer );  

network.Structure.FinalizeStructure();  

network.Reset();  

This section will discuss the different types of synapses supported by Encog.  We will 

begin with the weighted synapse. 

4.3.3 Using the WeightedSynapse Class 

The weighted synapse is perhaps the most commonly used synapse type in Encog.  

The WeightedSynapse  class is used by many different neural network architectures.  

Any place that a learning synapse is needed, the WeightedSynapse  class is a good 

candidate.  The WeightedSynapse  connects every neuron in the source layer with 
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every neuron in the target layer.  Figure 4.3 shows a diagram of the weighted synapse. 

Figure 4.3: The Weighted Synapse 

 

This is the default synapse type for Encog.  To create a weighted synapse object 

usually you will simply add a layer to the network.  The default synapse type is the 

weighted synapse.  You can also construct a weighted synapse object with the following 

line of code. 

ISynapse synapse = new WeightedSynapse(from,to);  

Once the weighted synapse has been created, it can be added to the next collection on 

the source layer's target. 

4.3.4 Using the Weightless Synapse 

The weightless synapse works very similar to the weighted synapse.  The primary 

difference is that there are no weights in the weightless synapse.  It provides a connection 

between each of the neurons in the source layer to every other neuron in the target layer.  

Figure 4.4 shows the weightless synapse. 

Figure 4.4: The Weightless Synapse 

 

The weightless synapse is implemented inside of the WeightlessSynapse  class.  

The following line of code will construct a weightless synapse. 

ISynapse synapse = new WeightlessSynapse(from,to);  

The weightless synapse is used when you would like to fully connect two layers, but 

want the information to pass through to the target layer untouched.  The weightless 
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synapse is unteachable. 

 

4.3.5 Using the OneToOne Synapse 

The one to one synapse works very similar to the weightless synapse. Like the 

weightless synapse, the one to one synapse does not include any weight values.  The 

primary difference is that every neuron in the source layer is connected to the 

corresponding neuron in the target layer.  Each neuron is connected to only one other 

neuron.  Because of this, the one to one synapse requires that the source and target layers 

have the same number of neurons.  Figure 4.5 shows the one to one synapse. 

Figure 4.5: The One to One Synapse 

 

The following code segment shows how to construct a neural network that makes use 

of a one to one layer.  The one to one layer is used in conjunction with a context layer. 

ILayer context = new ContextLayer(2);    

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new BasicLayer(1));  

network.AddLayer(hidden = new BasicLayer(2));  

hidden.AddNext(context, SynapseType.OneToOn e);  

context.AddNext(hidden);    

network.AddLayer(new BasicLayer(1));  

network.Structure.FinalizeStructure();  

The one to one synapse is generally used to directly feed the values from the output of 

a layer to a context layer.  However, it can serve any purpose where you would like to 

send a copy of the output of one layer to another similarly sized layer. 

4.3.6 Using the Direct Synapse 

The direct synapse is useful when you want to send a complete copy of the output 

from the source to every neuron in the target.  Most layers are not designed to accept an 

array from every source neuron, so the number of layers that the direct synapse can be 

used with is limited.  Currently, the only Encog layer type that supports the 

DirectSynapse  is the RadialBasisFunctionLayer  class.  Figure 4.6 shows 

how the direct synapse works. 
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Figure 4.6: The Direct Synapse 

 

The following code segment shows how to use the DirectSynapse . 

RadialBasisFunctionLayer rbfLayer;    

BasicNetwork network = new BasicNetwork();  

network.AddLayer(new Basic Layer(  

  new ActivationLinear(), false, 2));    

network.AddLayer(rbfLayer = new RadialBasisFunctionLayer(4),  

  SynapseType.Direct);  

network.AddLayer(new BasicLayer(1));   

network.Structure.FinalizeStructure();  

network.Reset();  

rbfLayer.RandomizeGaussianCentersAndWidths(0, 1);  

As you can see, the DirectSynapse  is being used to feed a 

RadialBasisFunctionLayer . 

4.4 Understanding Neural Logic 

Every Encog neural network must contain a neural logic class.  The INeuralLogic  

classes define how a neural network will process its layers and synapses.  All neural logic 

classes must implement the INeuralLogic  interface.  By default a BasicNetwork  

class will make use of the SimpleRecurrentLogic  logic class.  This class can be 

used for both feedforward and simple recurrent networks.  Because these are some of the 

most common neural network types in use, the SimpleRecurrentLogic  class was 

chosen as the default.  

The next few sections summarize the network logic classes provided by Encog. 

4.4.1 The ART1Logic Class 

The ART1Logic  class is used to implement an adaptive resonance theory neural 

network. Adaptive Resonance Theory (ART) is a form of neural network developed by 

Stephen Grossberg and Gail Carpenter. There are several versions of the ART neural 

network, which are numbered ART-1, ART-2 and ART-3. The ART neural network is 

trained using either a supervised or unsupervised learning algorithm, depending on the 

version of ART being used. ART neural networks are used for pattern recognition and 

prediction.  Encog presently supports ART1. 
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To create an ART1 neural network with Encog you should make use of the 

ART1Logic  class.   

4.4.2 The BAMLogic Class 

The BAMLogic  class is used to implement a Bidirectional Associative Memory 

(BAM) network.  The BAM network is a type of neural network developed by Bart 

Kosko in 1988. The BAM is a recurrent neural network that works similarly to and 

allows patterns of different lengths to be mapped bidirectionally to other patterns. This 

allows it to act as almost a two-way hash map. During its training, the BAM network is 

fed pattern pairs. The two halves of each pattern do not have to be of the same length. 

However, all patterns must be of the same overall structure. The BAM network can be 

fed a distorted pattern on either side and will attempt to map to the correct value. 

4.4.3 The BoltzmannLogic Class 

The BoltzmannLogic  class is used to implement a Boltzmann machine neural 

network.  A Boltzmann machine is a type of neural network developed by Geoffrey 

Hinton and Terry Sejnowski. It appears identical to a Hopfield neural network except it 

contains a random nature to its output. A temperature value is present that influences the 

output from the neural network. As this temperature decreases so does the randomness. 

This is called simulated annealing. Boltzmann networks are usually trained in an 

unsupervised mode. However, supervised training can be used to refine what the 

Boltzmann machine recognizes. 

To create a Boltzmann machine neural network with Encog you should make use of 

the BoltzmannLogic  class.   

4.4.4 The FeedforwardLogic Class 

To create a feedforward with Encog the FeedforwardLogic  class should be used.  

It is also possible to use the SimpleRecurrentLogic  class as in place of the 

FeedforwardLogic  class; however, the network will run slower.  If there are no 

recurrent loops, the more simple FeedforwardLogic  class should be used. 

The feedforward neural network, or perceptron, is a type of neural network first 

described by Warren McCulloch and Walter Pitts in the 1940s. The feedforward neural 

network, and its variants, is the most widely used form of neural network. The 

feedforward neural network is often trained with the backpropagation training technique, 

though there are other more advanced training techniques, such as resilient propagation. 

The feedforward neural network uses weighted connections from an input layer to zero or 

more hidden layers, and finally to an output layer. It is suitable for many types of 

problems.  Feedforward neural networks are used frequently in this document. 

4.4.5 The HopfieldLogic Class 

To create a Hopfield neural network with Encog, you should use the 
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HopfieldLogic  class.  Dr. John Hopfield developed the Hopfield neural network in 

1979. The Hopfield network is a single layer recurrent neural network. The Hopfield 

network always maintains a "current state" which is the current output of the neural 

network. The Hopfield neural network also has an energy property, which is calculated 

exactly the same as the temperature property of the Boltzmann machine. The Hopfield 

network is trained for several patterns. The state of the Hopfield network will move 

towards the closest pattern, thus "recognizing" that pattern. As the Hopfield network 

moves towards one of these patterns, the energy lowers. 

To create a Hopfield neural network with Encog you should make use of the 

HopfieldLogic  class.   

4.4.6 The SimpleRecurrentLogic Class 

To create a neural network where some layers are connected to context layers that 

connect back to previous layers, you should use the SimpleRecurrentLogic  class.  

The Elman and Jordan neural networks are examples of the sort of networks where the 

SimpleRec urrentLogic  class can be used. The SimpleRecurrentLogic  class 

can also be used to implement a simple feedforward neural network, however, the 

FeedforwardLogic  class will execute faster. 

To create either an Elman or Jordan type of neural network with Encog you should 

make use of the SimpleRecurrentLogic  class.   

4.4.7 The SOMLogic Class 

To create a Self Organizing Map with Encog the SOMLogic  class should be used.  

The Self Organizing Map (SOM) is a neural network type introduced by Teuvo Kohonen. 

SOM's are used to classify data into groups. 

To create a SOM neural network with Encog you should make use of the SOMLogic  

class.   

4.5 Understanding Properties and Tags 

The BasicNetwork  class also provides properties and tags to address the unique 

needs of different neural network logic types.  Properties provide a set of name-value 

pairs that the neural logic can access.  This is how you set properties about how the 

neural network should function.  Tags allow individual layers to be identified.  Some of 

the neural network logic types will affect layers differently.  The layer tags allow the 

neural network logic to know which layer is which. 

The following code shows several properties being set for an ART1 network. 

BasicNetwork network = new BasicNetwork();  

 

network.SetProperty(ARTLogic.PROPERTY_A1, 1); 

network.SetProperty(ARTLogic.PROPERTY_B1, 2); 
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network.SetProperty(ARTLogic.PROPERTY_C1, 3); 

network.SetProperty(ARTLogic.PROPERTY_D1, 4);  

The first parameter specifies the name of the property.  The neural network logic 

classes will define constants for properties that they require.  The name of the property is 

a string. 

The following code shows two network layers being tagged. 

network.TagLa yer(BasicNetwork.TAG_INPUT, layerF1); 

network.TagLayer(BasicNetwork.TAG_OUTPUT, layerF2); 

network.TagLayer(ART1Pattern.TAG_F1, layerF1); 

network.TagLayer(ART1Pattern.TAG_F2, layerF2);  

Here multiple tags are being applied to the layerF1  and layerF2  layers.  One 

layer can have multiple tags; however, a single tag can only be applied to one layer. 

The BasicNetwork  class does not keep a list of layers.  The only way that layers 

actually ñjoinò the neural network is either by being tagged, or linked through a synapse 

connection to a layer that is already tagged. 

4.6 Building with Layers and Synapses 

You are now familiar with all of the layer and synapse types supported by Encog.  You 

will now be given a brief introduction to building ANNs with these neural network types.  

You will see how to construct several neural network types.  They will be used to solve 

problems related to the XOR operator.  For now, the XOR operator is a good enough 

introduction to several neural network architectures.  We will see more interesting 

examples, as the document progresses.  We will begin with the feedforward neural 

network. 

4.6.1 Creating Feedforward Neural Networks 

The feedforward neural network is one of the oldest types of neural networks still in 

common use.  The feedforward neural network is also known as the perceptron.  The 

feedforward neural network works by having one or more hidden layers sandwiched 

between an input and output layer.  Figure 4.7 shows an Encog Workbench diagram of a 

feedforward neural network. 
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Figure 4.7: The Feedforward Neural Network 

 

Listing 4.3 shows a simple example of a feedforward neural network learning to 

recognize the XOR operator. 

Listing 4.3: Simple XOR Feedforward Neural Network 
using System;  

using System.Collections.Generic;  

using System.Linq;  

using Syst em.Text;  

using Encog.Neural.Networks;  

using Encog.Neural.Networks.Layers;  

using Encog.Neural.Activation;  

using Encog.Neural.Data.Basic;  

using Encog.Neural.NeuralData;  

using Encog.Neural.Networks.Training;  

using Encog.Neural.Data;  

using Encog.Neural.Networks.Training.Propagation.Resilient;  

using ConsoleExamples.Examples;  

 

namespace Encog.Examples.XOR.Resilient  

{  

  public class XORResilient : IExample  

  {  

    public static ExampleInfo Info  

    {  

      get  

      {  

        ExampleInfo info =  new ExampleInfo(  

          typeof(XORResilient),  

          "xor - rprop",  

          "XOR Operator with Resilient Propagation",  

          "Use RPROP to learn the XOR operator.");  

        return info;  

        }  

      }  
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      /// <summary>  

      /// Input for the XOR function.  

      /// </summary>  

      public static double[][] XOR_INPUT ={  

        new double[2] { 0.0, 0.0 },  

        new double[2] { 1.0, 0.0 },  

        new double[2] { 0.0, 1.0 },  

        new double[2] { 1.0, 1.0 } };  

 

      /// <summary>  

      /// Ideal output for the XOR function.  

      /// </summary>  

      public static double[][] XOR_IDEAL = {                                               

        new double[1] { 0.0 },  

        new double[1] { 1.0 },  

        new double[1] { 1.0 },  

        new double[1] { 0.0 } };  

 

      /// <summary>  

      /// Program entry point.  

      /// </summary>  

      /// <param name="args">Not used.</param>  

      public void Execute(IExampleInterface app)  

      {  

        BasicNetwork network = new BasicNetwork() ;  

        network.AddLayer(new BasicLayer(  

          new ActivationSigmoid(), true, 2));  

        network.AddLayer(new BasicLayer(  

          new ActivationSigmoid(), true, 6));  

        network.AddLayer(new BasicLayer(  

          new ActivationSigmoid(), true , 1));  

        network.Structure.FinalizeStructure();  

        network.Reset();  

 

        INeuralDataSet trainingSet =  

          new BasicNeuralDataSet(XOR_INPUT, XOR_IDEAL);  

 

        // train the neural network  

        ITrain train = new ResilientPropagation(  

          network, trainingSet);  

 

        int epoch = 1;  

 

        do 

        {  

          train.Iteration();  

          Console.WriteLine("Epoch #" + epoch  

            + " Error:" + train.Error);  

          epoch++;  

        } while ((epoch < 5000) && (train.Error > 0.001));  

 

        // test the neural network  

        Console.WriteLine("Neural Network Results:");  

        foreach (INeuralDataPair pair in trainingSet)  

        {  
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          INeuralData output = netwo rk.Compute(pair.Input);  

          Console.WriteLine(pair.Input[0] + "," + pair.Input[1]  

          + ", actual=" + output[0] + ",ideal=" + pair.Ideal[0]);  

        }  

      }  

   }  

}  

 

As you can see from the above listing, it is very easy to construct a three-layer, 

feedforward neural network. Essentially, three new BasicLayer  objects are created 

and added to the neural network with calls to the AddLayer  method.  Because no 

synapse type is specified, the three layers are connected together using the 

WeightedSynapse . 

You will notice that after the neural network is constructed, it is trained.  There are 

quite a few ways to train a neural network in Encog.  Training is the process where the 

weights and thresholds are adjusted to values that will produce the desired output from 

the neural network.  This example uses resilient propagation (RPROP) training.  RPROP 

is the best choice for most neural networks to be trained with Encog.  For certain special 

cases, some of the other training types may be more efficient. 

// train the neural network    

ITrain train = new ResilientPropagation(  

          network, trainingSet);  

With the trainer setup we must now cycle through a bunch of iterations, or epochs.  

Each of these training iterations should decrease the ñerrorò of the neural network.  The 

error is the difference between the current actual output of the neural network and the 

desired output. 

int epoch = 1;    

do 

{  

  train.Iteration();  

  Console.W riteLine("Epoch #" + epoch  

    + " Error:" + train.Error);  

  epoch++    

Continue training the neural network so long as the error rate is greater than one 

percent. 

} while ((epoch < 5000) && (train.Error > 0.001));  

 

Now that the neural network has been trained, we should test it.  To do this, the same 

data that the neural network was trained with is presented to the neural network.  The 

following code does this. 

Console.WriteLine("Neural Network Results:");  

foreach (INeuralDataPair pair in trainingSet)  

{  
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  INeuralData output = network.Compute(pair.Input);  

  Console.WriteLine(pair.Input[0] + "," + pair.Input[1]  

  + ", actual=" + output[0] + ",ideal=" + pair.Ideal[0]);  

}  

This will produce the following output: 

Epoch #1 Error:0.9902997764512583  

Epoch #2 Error:0.6762359214192293  

Epoch #3 Error:0.49572129129302844  

Epoch #4 Error:0.49279160045197135  

Epoch #5 Error:0.5063357328001542  

Epoch #6 Error:0.502484567412553  

Epoch #7 Error:0.4919515177527043  

Epoch #8 Error:0.49157058621332506  

Epoch #9 Error:0.48883664423510526  

Epoch #10 Error:0.48977067420698456  

Epoch #11 Error:0.4895238942630234  

Epoch #12 Error:0.4870271073515729  

Epoch #13 Error:0.48534672846811844  

Epoch #14 Error:0.4837776485977757  

Epoch #15 Error:0.48184530627656685  

Epoch #16 Error:0.47980242878514856  

Epoch #17 Error:0.47746641141708474  

Epoch #18 Error:0.4748474362926616  

Epoch #19 Error:0.47162728117571795  

Epoch #20 Error:0.46807640808835427  

...  

Epoch #495 Error:0.010583637636670955  

Epoch #496 Error:0.010748859630158925  

Epoch #497 Error:0.010342203029249158  

Epoch #498 Error:0.00997945501479827  

Neural Network Results: 0.0,0.0, actual=0.005418223644461675,ideal=0.0 

1.0,0.0, actual=0.9873413174817033,ideal=1.0 0.0,1.0, 

actual=0.9863636878918781,ideal=1.0 1.0,1.0, 

actual=0 .007650291171204077,ideal=0.0  

As you can see the error rate starts off high and steadily decreases.  Finally, the 

patterns are presented to the neural network.  As you can see, the neural network can 

handle the XOR operator.  It does not produce the exact output it was trained with, but it 

is very close.  The values 0.0054 and 0.0076 are very close to zero, just as 0.987 and 

0.986 are very close to one. 

For this network, we are testing the neural network with exactly the same data that the 

neural network was trained with.  Generally, this is a very bad practice.  You want to test 

the neural network on data that it was not trained with.  This lets you see how the neural 

network is performing with new data that it has never processed before.  However, the 

XOR function only has four possible combinations, and they all represent unique patterns 

that the network must be trained for.  Neural networks presented later in this document 

will not use all of their data for training.  Rather, they will be tested on data it has never 

been presented with before. 
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4.6.2 Creating Self-Connected Neural Networks 

We will now look at self-connected neural networks.  The Hopfield neural network is 

a good example of a self-connected, neural network.  The Hopfield neural network 

contains a single layer of neurons.  This layer is connected to itself.  Every neuron on the 

layer is connected to every other neuron on the same layer.  However, no two neurons are 

connected to themselves.  Figure 4.8 shows a Hopfield neural network diagramed in the 

Encog Workbench. 

Figure 4.8: The Hopfield Neural Network 

 

Listing 4.4 shows a simple example of a Hopfield neural network learning to 

recognize various patterns. 

Listing 4.4: Hopfield Neural Network  
using System;  

using System.Collections.Generic;  

using Sy stem.Linq;  

using System.Text;  

using ConsoleExamples.Examples;  

using Encog.Neural.NeuralData.Bipolar;  

using Encog.Neural.Networks;  

using Encog.Neural.Networks.Logic;  

using Encog.Neural.Networks.Pattern;  

 

namespace Encog.Examples.Hopfield.Associate  

{  

  publi c class HopfieldAssociate: IExample  

  {  

    public static ExampleInfo Info  

    {  

      get  

      {  

        ExampleInfo info = new ExampleInfo(  

          typeof(HopfieldAssociate),  

          "hopfield - associate",  

          "Hopfield Associates Patterns",  

"Simple Hopfield neural network that learns to associate patterns.");  

          return info;  

        }  

      }  

 

 

    public const int HEIGHT = 10;  

    public const int WIDTH = 10;  

 

    private IExampleInterface app;  
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    public String[][] PATTERN = {  

      new String[WIDTH] {  

        "O O O O O ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O"  },  

 

      new String[WIDTH] {  

        "OO  OO  OO",  

        "OO  OO  OO",  

        "  OO  OO  ",  

        "  OO  OO  ",  

        "OO  OO  OO",  

        "OO  OO  OO",  

        "  OO  OO  ",  

        "  OO  OO  ",  

        "OO  OO  OO",  

        "OO  OO  OO"  },  

 

      new String[WIDTH]  {  

        "OOOOO     ",  

        "OOOOO     ",  

        "OOOOO     ",  

        "OOOOO     ",  

        "OOOOO     ",  

        "     OOOOO",  

        "     OOOOO",  

        "     OOOOO",  

        "     OOOOO",  

        "     OOOOO"  },  

 

      new String[WIDTH] {  

        "O  O  O  O",  

        " O  O  O  ",  

        "  O  O  O ",  

        "O  O  O  O",  

        " O  O  O  ",  

        "  O  O  O ",  

        "O  O  O  O",  

        " O  O  O  ",  

        "  O  O  O ",  

        "O  O  O  O"  },  

 

      new String[WIDTH]  {  

        "OOOOOOOOOO", 

        "O        O",  

        "O OOOOOO O", 

        "O O    O O",  

        "O O OO O O",  
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        "O O OO O O",  

        "O O    O O",  

        "O OOOOOO O", 

        "O        O",  

        "OOOOOOOOOO"  } };  

 

    public String[][] PATTERN2 = {  

      new String[WIDTH] {  

   "          ",  

        "          ",  

        "          ",  

        "          ",  

        "          ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O",  

        "O O O O O ",  

        " O O O O O"  },  

 

        new String[WIDTH] {  

        "OOO O    O",  

        " O  OOO OO",  

        "  O O OO O",  

        " OOO   O  ",  

        "OO  O  OOO",  

        " O OOO   O",  

        "O OO  O  O",  

        "   O OOO  ",  

        "OO OOO  O ",  

        " O  O  OOO"  },  

 

        new String[WIDTH] {  

        "OOOOO     ",  

        "O   O OOO ",  

        "O   O OOO ",  

        "O   O OOO ",  

        "OOOOO     ",  

        "     OOOOO",  

        " OOO O   O",  

        " OOO O   O",  

        " OOO O   O",  

        "     OOOOO"  },  

 

        new String[WIDTH] {  

        "O  OOOO  O",  

        "OO  OOOO  ",  

        "OOO  OOOO ",  

        "OOOO  OOOO", 

        " OOOO  OOO",  

        "  OOOO  OO",  

        "O  OOOO  O",  

        "OO  OOOO  ",  

        "OOO  OOOO ",  

        "OOOO  OOOO"  },  
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        new String[WIDTH] {  

        "OOOOOOOOOO", 

        "O        O",  

        "O        O",  

        "O        O",  

        "O   OO   O",  

        "O   OO   O",  

        "O        O",  

        "O        O",  

        "O        O",  

        "OOOOOOOOOO"  } };  

 

    public BiPolarNeuralData ConvertPattern(  

      String[][] data, int index)  

    {  

      int resultIndex = 0;  

      BiPolarNeuralData result =  

        new BiPolarNeuralData(WIDTH * HEIGHT);  

      for (int row = 0; row < HEIGHT; row++)  

      {  

        for (int col = 0; col < WIDTH; col++)  

        {  

          char ch = data[index][row][col];  

          result.SetBoolean(resultIndex++, ch == 'O');  

        }  

      }  

      return result;  

    }  

 

    public void Display(  

      BiPolarNeuralData pattern1, BiPolarNeuralData pattern2)  

    {  

      int index1 = 0;  

      int index2 = 0;  

 

      for (int row = 0; row < HEIGHT; row++)  

      {  

        StringBuilder line = new StringBuilder();  

 

        for (int col = 0; col < WIDTH; col++)  

        {  

          if (pattern1.GetBoolean(index1++))  

            line.Append('O');  

          else  

            line.Append(' ');  

        }  

 

        line.Append("   - >   ");  

 

        for (int col = 0; col < WIDTH; col++)  

        {  

          if (pattern2.GetBoolean(index2++))  

            line.Append('O');  

          else  

            line.Append(' ');  
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        }  

 

        Console.WriteLine(line.ToString());  

      }  

    }  

 

 

    public void Evaluate(BasicNetwork hopfield,  

      String[][]  pattern)  

    {  

      HopfieldLogic hopfieldLogic =  

        (HopfieldLogic)hopfield.Logic;  

      for (int i = 0; i < pattern.Length; i++)  

      {  

        BiPolarNeuralData pattern1 = ConvertPattern(pattern, i);  

        hopfieldLogic.CurrentState = pattern 1;  

        int cycles = hopfieldLogic.RunUntilStable(100);  

        BiPolarNeuralData pattern2 =  

          (BiPolarNeuralData)hopfieldLogic.CurrentState;  

        Console.WriteLine("Cycles until stable(max 100): "  

           + cycles + ", result=");  

        Display(pattern1, pattern2);  

        Console.WriteLine(" ---------------------- ");  

      }  

    }  

 

    public void Execute(IExampleInterface app)  

    {  

      this.app = app;  

      HopfieldPattern pattern = new HopfieldPattern();  

      pattern.InputNeurons = WIDTH * HEIGHT;  

      BasicNetwork hopfield = pattern.Generate();  

      HopfieldLogic hopfieldLogic =  

        (HopfieldLogic)hopfield.Logic;  

 

      for (int i = 0; i < PATTERN.Length; i++)  

      {  

        hopfieldLogic.AddPatt ern(ConvertPattern(PATTERN, i));  

      }  

 

      Evaluate(hopfield, PATTERN);  

      Evaluate(hopfield, PATTERN2);  

    }  

  }  

}  

The Hopfield example begins by creating a HopfieldPattern  class.  The pattern 

classes allow for common types of neural networks to be constructed automatically.  You 

simply provide the parameters about the type of neural network you wish to create, and 

the pattern takes care of setting up layers, synapses, parameters and tags. 

HopfieldPattern pattern = new HopfieldPattern();  

This Hopfield neural network is going to recognize graphic patterns.  These graphic 
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patterns are mapped on to grids.  The number of input neurons will be the total number of 

cells in the grid.  This is the width times the height. 

pattern.InputNeurons = WIDTH * HEIG HT;   

The Hopfield pattern requires very little input, just the number of input neurons.  

Other patterns will require more parameters.  Now that the HopfieldPattern  has 

been provided with all that it needs, the Generate  method can be called to create the 

neural network.  

BasicNetwork hopfield = pattern.Generate();   

The logic object is obtained for the Hopfield network. 

HopfieldLogic hopfieldLogic =  

        (HopfieldLogic)hopfield.Logic;  

The logic class is used to add the patterns that the neural network is to be trained on.  

This is similar to the training seen in the last section, except it happens much faster for 

the simple Hopfield neural network. 

for(int i=0;i<PATTERN.length;i++){    

  hopfieldLogic.AddPattern(ConvertPattern(PATTERN,i));    

}     

Now that the network has been ñtrainedò we will test it.  Just like in the last section, 

we will evaluate the neural network with the same data with which it was trained. 

Evaluate(hopfield,PATTERN);   

However, in addition to the data that the network has already been presented with, we 

will also present new data.  This new data are distorted images of the data that the 

network was trained on.  The network should be able to still recognize the patterns, even 

though they were distorted. 

Evaluate(hopfield,PATTERN2);  

The following shows the output of the Hopfield neural network.  As you can see the 

Hopfield neural network is first presented with the patterns that it was trained on.  The 

Hopfield network simply echoes these patterns.  Next, the Hopfield neural network is 

presented with distorted versions of the patterns with which it was trained.  As you can 

see from the code snippet below, the Hopfield neural network still recognizes the values. 

Cycles until stable(max 100): 1, result=  

O O O O O    - >   O O O O O  

 O O O O O   - >    O O O O O  

O O O O O    - >   O O O O O  

 O O O O O   - >    O O O O O  

O O O O O    - >   O O O O O  

 O O O O O   - >    O O O O O  

O O O O O    - >   O O O O O  

 O O O O O   - >    O O O O O  

O O O O O    - >   O O O O O  






































































































